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(57) ABSTRACT

The present invention provides a method for preparing a
glycoside of a flavonoid compound, which comprises the step
of'treating flavonoid and a glycosyl donor with an enzymatic
agent having glycosylation activity and being derived from
the genus Trichoderma (preferably Trichoderma viride or
Trichoderma reesei). Such a flavonoid compound includes a
catechin compound or a methylated derivative thereof, and
the glycosyl donor includes a carbohydrate containing a mal-
totriose residue (preferably maltotriose, maltotetraose, mal-
topentaose, maltohexaose, maltoheptaose, dextrin, y-cyclo-
dextrin or soluble starch). Glycosides obtained by the present
invention have higher water solubility, improved taste, and
increased stability. The present invention also provides novel
glycosides of catechin compounds, which are obtained by the
method of the present invention.

8 Claims, 8 Drawing Sheets
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Figure 4

1 150
TRa2-gDNA  TCATACAAAGCTATTTCGAAGACCAATATTCTACCCCCTTCTCCGACGATAGAGLCCTATGGTAATGGGCCGATGGGT TGCTTATTCGRCCCTTTGTCRGCCGGGCATGORTCTTTGACATGTTGAAGCTTGRGCAGATCTGGRATCGG
TRaZ~cDNA

15t 300
TRaz-gDNA  CGTCACGGRATGCCTATAACAGRAGATCTGTAAGTGGCTGT TTGRCCG0RGCAAGTT TTATTGOCGGAGC GAATATBGCGTCTCAAT GLOCTACGGRATCTTGTTTTTGETCTCTTTAGTCTCATTTROECAAGGACGCATATGCGATA
TRa2-cDNA

301
TRa2-gDNA  TCTATGCCCTTGGGGATATATATATATGGCTTGCCGCTCTCTCTTCCTTGRATCAGCTTGCTGACCACAGACCTCTTGCAGACGCAGCC TGAACTCGAGCATCCCACAGETH GAAAGAAGAAGAT]
TRa2-cDNA
TRa2-gDNA
TRa2-cDNA
TRa2~gDNA
TRa2-cDNA
TRa2-gDNA
TRa2~cONA

w‘ PP
TRaZ-eDNA  AMMACACGRCTTETAERT
TRa2-cONA ~ ——————GLTT!
TRa2-gDNA
TRa2-cDNA
TRaz-gDNA
TRa2-cDNA
TRa2-gDNA
TRa2-cDNA
TRaZ-gDNA
TRa2-cDNA
TRa2-gDNA
TRa2-cDNA

. 1950

TRa2-gDNA 1 @%erﬂmcmmnwm
TRa2~cONA AT AR —~-e e

1951 2100
TRa2-gDNA  TACATGTATATCACCTAGTACATACTTGGATAGGTACGTGTTACTTACCCGGATAGAGC TTCATGTTGTTACCTTCAAGCTGTTGTTTCTTTCTT CTCTCTTTTGY GGACATACTGTACGATCATGAAGGGTACATATT TTAGTCGTAAC
TRa2-cDNA

2101 2250
TRa2~gDNA  AAAATTAGGCATTTACTACTACCTAGACTAAACT GTTTGTTGTTGATCATGTACCTAGAGCAAGCAATGAACCATGCCATGATTTCCTTCATCTCCCAGACCCGTATTTGAATTGCCTGTGGATAGATGTGCTTGAAAGACCTGCCATGE
TRaZ-cDNA

2251 2400
TRa2-gDNA  GCTCAMGTAATTGTTATTGAATAGTCCGTCCCAAAATATTAAC TGCAGTGOCGAGATATCTGTTGTTCCGTCAGGCCTGTTCAACCTRCGRAGATAGAAAT CTCCATGTGCT CATGAGT GCATAARTTCCECACC GAATCCTCLGETT
TRaZ-cDNA

2401 2550
TRa2-gDNA  CCAAARAAAAAAAAGAAGCAATATTATAAAAAGCAAAGTCGTCATGCCGTCAAATAGCCTTTATAGTCCCGT GTATGCTCGCAAGT CTTGTCCGTCGTCGT TAGCC TGTATTATTCACATGCATGTRTCATCRATAGCCTTGTGTTTCTC
TRa2—cDNA

2551 2633

TRaZ-gDNA  GTGTCGCACGATTTGCTCTTGATATTGACCACATTCCTTCGGTACAATGAGCAAATATATATACCGTTGTGGTGGGTAATGAG
TRaZ-cONA
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Figure 5

1 ATGAAGCTTC GATCGGCCGT CCCGCTGCTG TTGCAGCTTT CTCTCCCGGC CGTCCTTGGC GOCGACACGG CAGACTGGAG GTCTCGTACC ATCTACTTTG CCCTGACAGA CCGAATTGCT
M KLR SAV PLL LQLS LPA VLG ADTATDWRGSRT I'YFALTD RIA

121 CGCAGCTCAA GCGACACGGG AGGCTCTGCG TGTACAAATC TGAATGACTA CTGTGGTGGC ACGTTCCAGG GCTTGGAGAG CAAGCTGGAC TACATCAAGG GCATGGGATT TGATGCCATC
RSSS DTG GSA CTHNL NDY CGG TFQG6 LES KLD Y!IKG MWGF DAY

24 TGGATCAACC CCGTCGTAAC CAACAGTGAT TTCGGCTTCC ATGGCTACTG GGCAGTGGAT CTAAACAGTA TCAATTCTCA CTATGGCACT GCGGATGATT TAAAGAGTCT CGTTGATGCT
WIiINP VVT NSD FGFH GYW ALD LNTI NSHYGET ADDL KSL VDA

361 GCACATGGCA AGGGCTTCTA CATGATGGTC GACGTTGTAG CCAACCACAT GGGAAACGCA AACATCACAG ACGACTCCCC CTCCCCTCTG AACCAACAAT CCTCATACCA CACAAAATGT
AHGK GFY WMV DVVA NHMGNANITD DSP SPL NQQS SYHTKEC

481 GACATTGACT TCAACAACCA GACCAGCGTC GAAAACTGTT GGCTTGCTGG CCTCCCAGAC GTTGACACCC AGGACCCTAC CATCAGGAGC CTCTACCAGG ACTGGGTGTC CAACCTGGTA
DIDF NNQ TSV ENCW LAGLPD VYVDTQ DPT IRS LY@D WVS NLV

601 TCTACATACG GCTTCGACGG CGTCCGCATC GACACCGTCA GGCACGTCGA GCAGGACTAG TGGCCCGGCT TCGTCAATGC CAGCGGCGTG TACTGCATCG GCGAAGTCTT CAACGGAGAC
STYG FDG VR DTVR HVE QDY WPGF VNA SGV YCIG EVF NGD

2 CCAGACTTTA TGCAGCCCTA CCAATCGCTC ATGCCCGGCC TCCTCAACTA CGCCATCTTC TACCCCCTCA ACGCCTTTTA TCAGCAGACG GGCTCCTCCC AAGCCCTGGT CGACATGCAT
PDFM QPY QSL MPGL LNY AIF YPLN AFY @4@T GS$SQ ALV DMH

841 GACCGTCTCA GCTCGTTCCC AGACCCGACG GCGCTGGGCA CCTTTGTCGA TAACCACGAC AACCCCCGGT TCCTCAGCGT CAAGAACGAC ACGTCTCTCT TCAAGAATGC CCTGACCTAC
DRLS SFP DPTYT ALGT FVD NHD ¥PRF LSV KND TSLF KNAILTY

961 ACCATTCTCG GCCGAGGCAT CCCCATTGTC TACTACGGCT CCGAGCAAGC CTTTTCGGGA AGCAACGACC CCGOCAACAG AGAGGACCTC TGGCGCAGCG GCTACAACAC CGAGACGGAC
TILGRGI PIV YYGS EQA FSG SNDP ANREDL WRSG YNT ETED

1081 ATGTACAATG CCATCTCCAA GCTCACCTTT GCCAAGCACA CGGCCGGCGG CCTCGCCGAC AACGACCACA AGCACCTGTA CGTCGAGCCC ACGGCATACG CCTGGAGUCG CGCCGGCGGE
MYNA 1 SK LTF AKHT AGG LAD NDHK HLY VEP TAYA WSR AGG

1201 AAGCTGGTGG CCTTTACCAC CAACAGCGGC GGCGGCAGCT CGGCCCAGTT CTGCTTCGGC ACGCAGGTCG CCAACGGGAG CTGGACGAAT GTGTTTGATG GCGGCAATGG CCCGACGTAC
KLYA FTT NSG GGSS AQF CFG TQVP NGS WTN VFDG GNG PTY

1321 ACTGCTGATG GCAATGGACA GCTCTGCTTG ACCACGACGA ATGGTGAGCC GATTGTGCTG CTGTCTTCAT AA
TADG NGQ LCL TTTHNGEP VL LSS

Figure 6

100
TRa2 YVINS—-~—DFGF
BAADO336 PVTAQLPQTTAYGDAY
TRa2
BAAD0336

TRa2 DPTIRSLYQ@@SM" STYGFOGVRI
BAAOD336  KDVVKNEWYDHVGS 3

TRa2
BAADO336

VYYBSEQAF SGSNOPANREDL WRSEYNTE TOMYNALSKLTFAKHTAG——6L
1YAGQEQHY AGGNDPANREATWL SGYPTDSELYKL IASANA! RNYA | SKDTGF

401 499
TRa2 ADNDHKHLXVEPIAYAWSR——AGGKLVAFTTNSGGGSSAQFCFGTQVPNGSWTNVFDGGNGPTY?ADGNGQLCLTTTNGEPlVLLSS ———————
BAAQ0336 VTYKNWPIXKDDTTIAMRKGTDBSQIVTILSNKGASGDSYTLSLSGAGYTAGQQLTEVIGCTTVTVGSDGNVPVPMAGGLPRVLYPTEKLAGSKICSSS
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CATECHIN
1. 5-Maltoside
2. 5-Glucoside
3. 4-Maltoside
4. 4-Glucoside

5. 3-Maltoside
6. 3-Glucoside

EGCG

2. 7-Maltoside
3. 7-Glucoside

5. 3-Maltoside
6. 3-Glucoside
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Figure 12
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1
METHOD FOR GLYCOSYLATION OF
FLAVONOID COMPOUNDS

TECHNICAL FIELD

The present invention relates to glycosylation of flavonoid
compounds. Glycosides of flavonoid compounds obtained by
the present invention can be used for food, pharmaceutical
and cosmetic purposes.

BACKGROUND ART

Proanthocyanidin (grape seed extract) has been studied for
its usefulness as a therapeutic agent for blood vessels, and one
of the reasons for recent progress in these studies is that the
target substance can serve as a marker for tracing in vivo
absorption and metabolism because it is stable against heat
and acids, highly soluble in water and highly absorbable in
the body. In contrast, polyphenol compounds such as catechin
are often difficult to dissolve in water, and also involve a
problem in that they are less absorbable in the body.

Attempts have been made to develop a technique for gly-
cosylation of catechin and other compounds, with the aim of
improving their solubility in water and increasing their sta-
bility.

By way of example, Patent Document 1 discloses a-glu-
cosidase with a molecular weight of about 57,000, which was
collected from a culture solution of Xanthomonas campestris
WU-9701. This enzyme uses maltose or the like as a donor
(does not use maltotriose, cyclodextrin or starch as a donor)
and transfers glucose to a specific acceptor to synthesize a
glycoside. In this document, compounds listed as acceptors
are those having an alcoholic hydroxyl group (e.g., menthol,
ethanol, 1-propanol, 1-butanol, 2-butanol, isobutyl alcohol,
1-amyl alcohol, 2-amyl alcohol, 5-nonyl alcohol), as well as
those having a phenolic hydroxyl group (e.g., capsaicin, dihy-
drocapsaicin, nonylic acid vanillylamide, catechin, epicat-
echin, vanillin, hydroquinone, catechol, resorcinol, 3,4-
dimethoxyphenol). Moreover, glycosides whose production
was actually confirmed are monoglucosides only.

Patent Document 2 discloses a method in which a mixture
of a catechin compound and glucose-1-phosphate or sucrose
is treated with sucrose phosphorylase to prepare a glycoside
of the catechin compound. The sources of sucrose phospho-
rylase listed therein are Leuconostoc mesenteroides,
Pseudomonas saccharophila, Pseudomonas putrefaciens,
Clostridium pasteurianum, Acetobacter xylinum, and Pullu-
laria pullulans. Likewise, catechin compounds listed as
acceptors are (+)-catechin, (-)-epicatechin, (-)-epicatechin
3-O-gallate, (-)-epigallocatechin and (-)-epigallocatechin
3-O-gallate, but it is only (+)-catechin that was actually used
as an acceptor to prepare (+)-catechin 3'-O-a-D-glucopyra-
noside in the Example section.

Patent Document 3 discloses epigallocatechin 3-O-gallate
derivatives, in which a glucose residue or a maltooligosac-
charide residue with a polymerization degree of 2 to 8 is
attached to at least one of the 5-, 7-, 3'-, 4'-, 5'-, 3"-, 4"~ and
S"-positions. As in the case of Patent Document 2, the
Example section of Patent Document 3 actually discloses
only a case where a mixture of (-)-epigallocatechin gallate
and glucose-1-phosphate or sucrose was treated with sucrose
phosphorylase to prepare 4'-O-a-D-glucopyranosyl(-)-epi-
gallocatechin gallate and 4',4"-O-a.-D-di-glucopyranosyl(-)-
epigallocatechin gallate.

Patent Document 4 discloses tea extracts or tea beverages
whose astringent taste is reduced by glycosylation of
polyphenols contained therein. To reduce the astringent taste

10

20

25

40

45

50

2

of tea extracts or tea beverages, this document describes
detailed procedures in which tea extracts or tea beverages are
supplemented with dextrin, cyclodextrin, starch or a mixture
thereof, and then treated with cyclomaltodextrin glucan-
otransferase. In the Example section, it is shown that a green
tea extract and a-cyclodextrin were treated with cyclomalto-
dextrin glucanotransferase derived from Bacillus stearother-
mophilus to give a reaction product with reduced astringent
taste, which in turn indicates that polyphenols such as epigal-
locatechin 3-O-gallate and epicatechin were glycosylated.
However, this document fails to show the detailed structure of
the reaction product.
Patent Document 5 discloses glycosides of catechin com-
pounds in which glycosylation occurs at the 3'-position, at the
3'- and S-positions, or at the 3'- and 7-positions. For this
purpose, this document describes detailed procedures in
which a catechin compound and dextrin, cyclodextrin, starch
or a mixture thereof are treated with cyclomaltodextrin glu-
canotransferase derived from Bacillus stearothermophilus, as
in the case of Patent Document 4. Further, in the examples
using dextrin as a glycosyl donor in the above procedures,
some of the resulting glycosides of (-)-epigallocatechin, (-)-
epigallocatechin 3-O-gallate and (-)-epicatechin 3-O-gallate
are considered to have 6 to 8 glucose residues on average per
molecule of each polyphenol, as determined from their molar
absorption coefficients. Moreover, it is confirmed that upon
treatment with glucoamylase derived from Rhizopus niveus,
the glycosides obtained by the above procedures generated
3" 7-di-O-a.-D-glucopyranosyl(-)-epigallocatechin, 3',5-di-
O-a.-D-glucopyranosyl(-)-epigallocatechin, 3'-O-a.-D-glu-
copyranosyl(-)-epigallocatechin, 3',7-di-O-a-D-glucopyra-
nosyl(-)-epigallocatechin 3-O-gallate, 3'-0-a-D-
glucopyranosyl(-)-epigallocatechin 3-O-gallate, 3'-O-a.-D-
glucopyranosyl(-)-gallocatechin and 3'-0-a-D-
glucopyranosyl(-)-epicatechin 3-O-gallate.
As to effects provided by catechin glycosides, Non-patent
Document 1 describes reduced astringent taste, increased
water-solubility, improved stability and inhibited tyrosinase,
while Non-patent Document 2 describes suppressed mutage-
nicity.
Patent Document 1: JP 2001-46096 A
Patent Document 2: JP 05-176786 A (Japanese Patent No.
3024848)

Patent Document 3: JP 07-10897 A (Japanese Patent No.
3071610)

Patent Document 4: JP 08-298930 A (Japanese Patent No.
3579496)

Patent Document 5: JP 09-3089 A (Japanese Patent No.
3712285)

Non-patent Document 1: Biosci. Biotech. Biochem., 57
(10), 1666-1669 (1993)

Non-patent Document 2: Biosci. Biotech. Biochem., 57
(10), 1290-1293 (1993)

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

These glycosylation techniques cannot be regarded as suf-
ficient in terms of properties of the enzymes used therein,
including glycosyl donor specificity, specificity to com-
pounds which can be glycosylated, glycosylation efficiency,
etc. Thus, there has been a demand for a preparation tech-
nique which allows glycosylation of a wider variety of fla-
vonoid compounds, and for flavonoid glycosides.

Means for Solving the Problems

The inventors of the present invention have made extensive
and intensive efforts to develop a glycosylation technique for
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flavonoid compounds including catechin. As a result, the
inventors have found that various enzymatic agents derived
from the genus Trichoderma have glycosylation activity on
flavonoid, thereby completing the present invention.

The present invention provides a method for preparing a
glycoside of a flavonoid compound, which comprises the step
of'treating the flavonoid compound and a glycosyl donor with
an enzymatic agent having glycosylation activity and being
derived from the genus Trichoderma.

[Flavonoid Compounds]

Asused herein, the term “flavonoid compound” is intended
to include both flavonoid and esculetin, unless otherwise
specified.

As used herein, the term “flavonoid” is intended to mean a
catechin compound (flavanol), flavanone, flavone, flavonol,
flavanonol, isoflavone, anthocyan or chalcone, as well as a
methylated derivative thereof, unless otherwise specified.
Flavonoid includes naringenin, quercetin, daidzein, genistein
and kaempferol. Flavonoid available for use in the present
invention may be of natural or synthetic origin.

As used herein, the term “catechin compound” is used in a
broad sense to mean a polyoxy derivative of 3-oxyflavan,
unless otherwise specified. This includes catechin, gallocat-
echin and 3-galloyl derivatives thereof, as well as optical
isomers ((+)-, (-)-, (+)-epi- and (-)-epi-isomers) and race-
mates thereof. Specific examples include catechin, gallocat-
echin (GC), catechin gallate (catechin-3-O-gallate; CG), gal-
locatechin  gallate  (gallocatechin-3-O-gallate; GCG),
epicatechin (EC), epigallocatechin (EGC), epicatechin gal-
late (epicatechin-3-O-gallate; ECG) and epigallocatechin
gallate (epigallocatechin-3-O-gallate; EGCG), as well as
optical isomers thereof. Methylated derivatives of catechin
compounds refer to derivatives of the above catechin com-
pounds, in which H in at least one OH group is replaced by
methyl. Examples of methylated derivatives of catechin com-
pounds include those having methyl in place of H in the OH
group located at any of the 3'-, 4'-, 3"- and 4"-positions of
epicatechin, epigallocatechin, epicatechin gallate or epigal-
locatechin gallate. Catechin compounds and their methylated
derivatives available for use in the present invention may be of
natural or synthetic origin. Examples of natural origin include
tea extracts, concentrated and purified products thereof (e.g.,
green tea extracts such as Teavigo (DSM Nutrition Japan),
Polyphenon (Mitsui Norin Co., Ltd., Japan) and Sunphenon
(Taiyo Kagaku Co., Ltd., Japan)), as well as extracts of a tea
cultivar “Benifuki.”

Inthe present invention, flavonoid compounds may be used
either alone or in combination.

[Enzymatic Agents]

The present invention uses an enzymatic agent having gly-
cosylation activity and being derived from the genus Tricho-
derma. The genus Trichoderma includes Trichoderma viride,
Trichoderma reesei, Trichoderma saturnisporum, Tricho-
derma ghanense, Trichoderma koningii, Trichoderma hama-
tum, Trichoderma harzianum and Trichoderma polysporum.

Asused herein, the term “enzymatic agent” may be used to
mean either a single enzyme or a mixture of multiple
enzymes, unless otherwise specified. Although such an enzy-
matic agent comprises at least an enzyme having glycosyla-
tion activity, it may further comprise other glycosidase
enzymes, such as those used as cellulase or glucanase (e.g.,
p-1,3-glucanase). Moreover, the enzymatic agent of the
present invention may comprise an appropriate additive, in
addition to the enzyme component. Examples include excipi-
ents, binders, disintegrating agents, stabilizers, buffers and
preservatives.
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Enzymatic agents available for use in the present invention
have at least glycosylation activity (transglycosylation).

As used herein, the term “glycosylation activity” is
intended to mean having the ability to transfer a sugar residue
to a flavonoid compound. To confirm whether an enzyme has
the ability to transfer a sugar residue to a flavonoid com-
pound, unless otherwise specified, a mixture of flavonoid
(e.g., catechin) and an appropriate glycosyl donor (e.g., dex-
trin) may be contacted with the target enzyme and reacted for
a sufficient period of time, followed by analysis of the reac-
tion solution through high performance liquid chromatogra-
phy (HPLC) or other techniques, for example as shown in the
Example section described later.

The enzymatic agent of the present invention may have not
only glycosylation activity, but also an additional activity,
such as dextrinase activity. As used herein, the term “dextri-
nase” is intended to mean an enzyme capable of hydrolyzing
carbohydrates containing a.-glucoside linkages (e.g., starch,
dextrin), unless otherwise specified. Dextrinase is a kind of
amylase. To determine whether a target has dextrinase activ-
ity, a commercially available dextrin (e.g., starch hydrolyzed
with an acid, heat or an enzyme to have an average molecular
weight of about 3,500) may be treated with the target under
appropriate conditions to examine whether the dextrin is
hydrolyzed. Those skilled in the art would design appropriate
conditions for reaction with a target and procedures for deter-
mining whether dextrin is hydrolyzed.

In the present invention, enzymatic agents which can be
preferred for use are those having glycosylation activity and
being derived from the genus Trichoderma. In the present
invention, enzymatic agents which may be effective for use
are those derived from Irichoderma viride and used as cellu-
lase or §-1,3-glucanase. According to the studies of the inven-
tors, it has been found that various enzymatic agents derived
from the genus Trichoderma, such as those used as cellulase
or glucanase (e.g., f-1,3-glucanase), have glycosylation
activity, and that such enzymatic agents can be effective for
use in glycosylation of flavonoid compounds. For example, in
the present invention, it is possible to use commercially avail-
able enzymatic agents, such as those listed in Table 1 of
Example 2 described later.

Alternatively, for use as enzymatic agents in the present
invention, those skilled in the art can isolate and purify gly-
cosyltransterases from cultures of species belonging to the
genus Trichoderma (e.g., Trichoderma viride, Trichoderma
reesei, Trichoderma saturnisporum, Trichoderma ghanense,
Trichoderma koningii, Trichoderma hamatum, Trichoderma
harzianum or Trichoderma polysporum) by using conven-
tional techniques. Among such glycosyltransferases, particu-
larly preferred is a glycosyltransferase obtained from the
culture supernatant of Trichoderma viride strain IAMS5141
(herein also referred to as ““TRa2”) or a homolog thereof, i.e.,
a protein comprising (i), (j) or (k) shown below (preferably a
protein consisting of (i), (j) or (k) shown below):

(1) a protein which consists of the amino acid sequence
shown in SEQ ID NO: 10;

(j) a protein which consists of an amino acid sequence
comprising substitution, deletion, insertion and/or addition of
one or several amino acids in the amino acid sequence shown
in SEQ ID NO: 10 and which has glycosylation activity on a
flavonoid compound; or

(k) a protein which consists of an amino acid sequence
sharing an identity of at least 60% or more with the amino
acid sequence shown in SEQ ID NO: 10 and which has
glycosylation activity on a flavonoid compound.

Another particularly preferred example is a mature protein
of the above novel glycosyltransferase protein or a homolog
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thereof, which is modified to remove a putative secretion
signal sequence region, i.e., a protein comprising (p), (q) or (r)
shown below (preferably a protein consisting of (p), (q) or (r)
shown below):

(p) a protein which consists of the amino acid sequence
shown in SEQ ID NO: 26;

(q) a protein which consists of an amino acid sequence
comprising substitution, deletion, insertion and/or addition of
one or several amino acids in the amino acid sequence shown
in SEQ ID NO: 26 and which has glycosylation activity on a
flavonoid compound; or

(r) a protein which consists of an amino acid sequence
sharing an identity of at least 60% or more with the amino
acid sequence shown in SEQ ID NO: 26 and which has
glycosylation activity on a flavonoid compound.

SEQ ID NO: 25 shows the nucleotide sequence of cDNA
encoding TRa2 as a mature protein, i.e., a nucleotide
sequence covering nucleotides 61-1389 of SEQ ID NO: 9.
Likewise, SEQ ID NO: 26 shows the amino acid sequence of
TRa2 as a mature protein, i.e., an amino acid sequence cov-
ering amino acids 21-463 of SEQ ID NO: 10.

In addition, the following protein can be presented as an
example of glycosyltransferases available for use in the
present invention:

aprotein having glycosylation activity on a flavonoid com-

pound, which is encoded by a polynucleotide being
derived from the genus Trichoderma (preferably Tricho-
derma viride, Trichoderma reesei, Trichoderma sat-
urnisporum, Trichoderma ghanense, Trichoderma kon-
ingii, Trichoderma hamatum, Trichoderma harzianum
or Trichoderma polysporum) and comprising any one of
the nucleotide sequences shown in SEQ ID NOs: 11 to
24.

A preferred example of such a protein is a protein having
glycosylation activity on a flavonoid compound, which is
encoded by a polynucleotide comprising any one of the nucle-
otide sequences shown in SEQ ID NOs: 11 to 24 and sharing
high identity with the nucleotide sequence shown in SEQ ID
NO: 6, 9 or 25.

It should be noted that the expression “amino acid
sequence comprising substitution, deletion, insertion and/or
addition of one or several amino acids as used herein does not
provide any limitation on the number of amino acids to be
substituted, deleted, inserted and/or added, as long as a pro-
tein having such an amino acid sequence has desired func-
tions. The number of such amino acids is around 1 to 9 or
around 1 to 4, or alternatively, a larger number of amino acids
may be substituted, deleted, inserted and/or added as long as
such a mutation provides a functionally similar amino acid.
Means for preparing a protein having such an amino acid
sequence are well known to those skilled in the art. Search and
analysis for identity between nucleotide or amino acid
sequences may be accomplished by using any algorithm or
program (e.g., BLASTN, BLASTX, BLASTP, ClustalW)
well known to those skilled in the art. In the case of using a
program, parameters may be set as required by those skilled
in the art, or alternatively, default parameters specific for each
program may be used. Detailed procedures for such analysis
are also well known to those skilled in the art. As used herein
to describe a nucleotide sequence, the term “high identity”
refers to a sequence identity of at least 60% or more, prefer-
ably 70% or more, more preferably 80% or more, even more
preferably 90% or more, and most preferably 95% or more.
As used herein to describe an amino acid sequence, the term
“high identity” refers to a sequence identity of at least 60% or
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more, preferably 70% or more, more preferably 80% or more,
even more preferably 90% or more, and most preferably 95%
or more.

In the present invention, glycosyltransferases may be used
either alone or in combination.

[Glycosyl Donors]

As used herein, the term “glycosyl donor” is intended to
mean a carbohydrate which can serve as a substrate for an
enzyme in the method of the present invention and can be
hydrolyzed to supply a sugar residue to a flavonoid com-
pound, unless otherwise specified. Glycosyl donors available
for use in the present invention are carbohydrates containing
a maltotriose residue, including maltotriose, maltotetraose,
maltopentaose, maltohexaose, maltoheptaose, dextrin, y-cy-
clodextrin and soluble starch. As used herein, the term “dex-
trin” is intended to mean a hydrolysate of starch, unless
otherwise specified, while the term “soluble starch” is
intended to mean a hydrolysate of starch, which is soluble in
hot water, unless otherwise specified. Hydrolysis may be
accomplished by using any means such as an acid, heat or an
enzyme. In the present invention, it is possible to use a
hydrolysate having an average molecular weight of about
3,500 as an example of dextrin and a hydrolysate having an
average molecular weight of about 1,000,000 as an example
of soluble starch.

[Glycosides]

Glycosides of flavonoid compounds provided by the
present invention have the following formula:

[Formula 1]
Formula (I)
R3

R*

R o]
2 R®

3
4
00X
R!
wherein

atleast one of R' to R’ represents a sugar residue, and each
of the others represents OH or OCHj, or

at least one of R* to R* represents a sugar residue and each
of the others represents OH or OCHj, and R® represents H;
and

X represents H, CH;, a galloyl group or a methylated
galloyl group.

This further encompasses glycosides of flavonoid, com-
pounds shown below:

in Formula (1),

at least one of R' to R* represents an a-linked glucose
residue or maltose residue or maltooligosaccharide residue,
and each of the others represents OH;

R? represents OH or H; and

X represents H or a galloyl group.

This further encompasses the glycosides of flavonoid com-
pounds listed below:

5-0-a.-D-glucopyranosyl-(+)-catechin;

7-0-a-D-glucopyranosyl-(+)-catechin;

5-0-a.-D-glucopyranosyl-(-)-epigallocatechin-3-O-gal-
late;
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7-O-a.-D-glucopyranosyl-(-)-epigallocatechin-3-O-gal-
late;
7-0-(4-O-a-D-glucopyranosyl-a-D-glucopyranosyl)-(-)-
epigallocatechin-3-O-gallate;
4'-0-(4-0-a.-D-glucopyranosyl-a.-D-glucopyranosyl)-
(+)-catechin;

4'-O-a-D-glucopyranosyl-(+)-catechin;

3'-0-(4-0-a.-D-glucopyranosyl-a.-D-glucopyranosyl)-
(+)-catechin;

3'-O-a.-D-glucopyranosyl-(-)-epigallocatechin-3-O-gal-
late; and

3'-0-(4-0-a.-D-glucopyranosyl-a.-D-glucopyranosyl)-
(-)-epigallocatechin-3-O-gallate, as well as optical isomers
thereof.

Glycosides of flavonoid compounds obtained by the
present invention may have increased water solubility when
compared to their corresponding flavonoid compounds. For
example, 5-O-a-D-glucopyranosyl-(+)-catechin shows at
least 40-fold or higher solubility than (+)-catechin, and 5-O-
a-D-glucopyranosyl-(-)-epigallocatechin-3-O-gallate is
also confirmed to have significantly increased solubility
when compared to (-)-epigallocatechin-3-O-gallate (see the
Example section). Moreover, glycosylation of flavonoid
compounds may also contribute to taste modification of fla-
vonoid compounds. For example, upon glycosylation of a
green tea extract rich in (-)-epigallocatechin-3-O-gallate, it
has been confirmed that the glycosylated product and indi-
vidual glycoside components uniformly purified (i.e., 5-O-a.-
D-glucopyranosyl-(-)-epigallocatechin-3-O-gallate, 7-O-(4-
O-a-D-glucopyranosyl-a-D-glucopyranosyl)-(-)-
epigallocatechin-3-O-gallate and 7-O-a.-D-glucopyranosyl-
(-)-epigallocatechin-3-O-gallate) each show a significantly
lower level of astringent taste than the unglycosylated prod-
uct. Likewise, sensorys test made by panelists have also pro-
vided the evaluation results indicating reduced bitter and
astringent tastes and hence increased drinkability. Further-
more, the studies of the inventors have shown that 4'-O-a-D-
glucopyranosyl-(+)-catechin is more stable against heat than
catechin. Thus, glycosides of flavonoid compounds obtained
by the present invention may have increased heat stability
when compared to their corresponding flavonoid compounds.

The present invention therefore provides a method for
modifying a flavonoid compound, which comprises the step
of'treating the flavonoid compound and a glycosyl donor with
an enzymatic agent having glycosylation activity and being
derived from the genus Trichoderma (preferably Tricho-
derma viride or Trichoderma reesei). As used herein, the term
“modify(ing)” or “modification” is intended to mean at least
one of the following: increased water solubility, improved
taste and increased stability.

Also in the modification method of the present invention,
examples of flavonoid compounds include catechin com-
pounds or methylated derivatives thereof, while examples of
glycosyl donors include carbohydrates containing a maltot-
riose residue (preferably maltotriose, maltotetraose, malto-
pentaose, maltohexaose, maltoheptaose, dextrin, y-cyclodex-
trin or soluble starch). With the aim of increasing the water
solubility of flavonoid compounds, enzymatic agents having
glycosylation activity and being derived from the genus 77i-
choderma can also be preferred for use, or alternatively, those
derived from Trichoderma viride and used as cellulase or
[-1,3-glucanase may be effective for use. An explanation for
each term is as described above.

[Enzymological Properties of the Glycosyltransferase of
the Present Invention]

Among glycosyltransferases contained in enzymatic
agents available for use in the present invention, particularly
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preferred is a glycosyltransferase derived from 7richoderma
viride or Trichoderma reesei. This enzyme has the following
enzymological features in reaction between flavonoid and
glycosyl donor.

Glycosyl Donor Selectivity:

Under the conditions shown in the Example section, this
enzyme uses maltotriose, maltotetraose, maltopentaose, mal-
tohexaose, maltoheptaose, soluble starch, dextrin, y-cyclo-
dextrin or the like as a glycosyl donor, but does not target
cellobiose, dextran, maltose monohydrate, carboxymethyl-
cellulose sodium, isomaltooligosaccharide, a-cyclodextrin,
p-cyclodextrin or the like as a glycosyl donor. Moreover, this
enzyme is a glycosyltransferase capable of producing not
only sugars composed of one or two glucose molecules, but
also glycosides whose sugar chain length is three (G3) or
more glucose molecules.

Substrate Specificity:

This enzyme can act on and glycosylate a wide range of
polyphenols including major flavonoid members such as cat-
echin, epigallocatechin gallate, naringenin, quercetin, daid-
zein, genistein and kaempferol, as well as esculetin.

Reaction Optimum pH and Temperature:

This enzyme allows a satisfactory reaction ata pH of about
4.5 to about 7.0, particularly about 5.0 to about 6.5, or at a
temperature of about 30° C. to about 55° C., particularly
about 45° C. to about 55° C., under the conditions shown in
the Example section.

[Uses of Glycosides]

Glycosides obtained by the present invention can be used
as food compositions, pharmaceutical compositions or cos-
metic compositions. More specifically, for example, such a
composition incorporating a glycoside of a catechin com-
pound can be used as an agent for the following purposes, as
in the case of catechin: anti-allergy, anti-oxidation, anti-can-
cer, anti-inflammation, anti-bacteria/anti-caries, anti-virus,
detoxication, intestinal flora improvement, odor elimination,
anti-hypercholesterolemia, anti-hypertension, anti-hypergly-
cemia, anti-thrombosis, dementia prevention, body fat burn-
ing, inhibition of body fat accumulation, endurance improve-
ment, anti-fatigue or renal function improvement, or
alternatively, can also be used as a food composition, a phar-
maceutical composition or a cosmetic composition.

Food compositions include nutritional supplementary
foods, health foods, therapeutic dietary foods, general health
foods, supplements and beverages. Beverages include tea
beverages, juices, soft drinks, and drinkable preparations.
Pharmaceutical compositions may be prepared as drugs or
quasi drugs, preferably oral formulations or dermatologic
external preparations, and may be provided in the form of
solutions, tablets, granules, pills, syrups, lotions, sprays, plas-
ters or ointments. Cosmetic compositions may be provided in
the form of creams, liquid lotions, emulsion lotions or sprays.

The amount of glycoside(s) incorporated into the food,
pharmaceutical or cosmetic composition of the present inven-
tion is not limited in any way and may be designed as required
by those skilled in the art in consideration of, e.g., solubility
and taste by referring to preferred daily intakes of the corre-
sponding flavonoid compound(s). For example, the amount
of'the glycoside(s) of the present invention incorporated into
acomposition may be set to 0.01% to 99.9% by weight or may
be determined such that the glycoside(s) of the present inven-
tion can be given 100 mg to 20 g per day as a single dose or in
divided doses (e.g., three doses).

The food, pharmaceutical or cosmetic composition of the
present invention may further comprise various ingredients
acceptable for food, pharmaceutical or cosmetic purposes.
Examples of these additives and/or ingredients include vita-
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mins, saccharides, excipients, disintegrating agents, binders,
lubricants, emulsifiers, isotonizing agents, buffers, solubiliz-
ers, antiseptics, stabilizers, antioxidants, coloring agents, cor-
rectives, flavorings, coagulating agents, pH adjustors, thick-
eners, tea extracts, herbal extracts, and minerals.

[Other Embodiments]

In the present invention, an enzyme protein contained in an
enzymatic agent can be immobilized onan appropriate carrier
for use as an immobilized enzyme. As a carrier, any conven-
tional resin used for the same purpose may be used, including
basic resins (e.g., MARATHON WBA (Dow Chemical), SA
series, WA series or FP series (Mitsubishi Chemical Corpo-
ration, Japan), and Amberlite IRA904 (Organo)), as well as
hydrophobic resins (e.g., Diaion FPHA13 (Mitsubishi
Chemical Corporation, Japan), HP series (Mitsubishi Chemi-
cal Corporation, Japan), and Amberlite XAD7 (Organo)). In
addition, other resins such as Express-lon D (Whatman),
DEAE-Toyopearl 650M (Tosoh Corporation, Japan) and
DEAE-sepharose CL4B (Amersham Biosciences) may be
preferred for use. Any conventional technique can be used for
enzyme immobilization, as exemplified by physical adsorp-
tion, the binding method which uses ionic or covalent binding
for immobilization, the crosslinking method which uses a
reagent having a divalent functional group for immobilization
through crosslinking, and the entrapping method which
embeds an enzyme within a gel or semipermeable membrane
of network structure. For example, immobilization may be
accomplished by allowing an enzyme (20 to 2,000 mg, e.g.,
5010 400 mg) in distilled water to be adsorbed to 5 ml of each
resin, followed by removal of the supernatant and drying.

The present invention also provides an enzymatic agent for
glycosylating a flavonoid compound, which comprises an
enzyme having glycosylation activity and being derived from
the genus Trichoderma (e.g., Trichoderma viride, Tricho-
derma reesei, Trichoderma saturnisporum, Trichoderma
ghanense, Trichoderma koningii, Trichoderma hamatum,
Trichoderma harzianum or Trichoderma polysporum, prefer-
ably Trichoderma viride). Such an enzymatic agent com-
prises one or more glycosidases derived from ascomycetous
filamentous fungi, and may further comprise other additives
(e.g., enzyme-stabilizing components, glycosyl donor com-
ponents, other enzymes).

ADVANTAGES OF THE INVENTION

The present invention allows efficient glycosylation of fla-
vonoid compounds. In particular, the present invention allows
efficient glycosylation at the 5-, 7-, 3'- and/or 4'-positions of
catechin compounds.

The present invention allows glycosylation of flavonoid
compounds to thereby improve their water solubility. This
suggests that the present invention can enhance the oral
absorption of flavonoid compounds. Moreover, improved
water solubility will contribute to not only improvement of
dissolution rate in water, but also improvement of absorption
rate in the body. Thus, the present invention allows flavonoid
compounds to exert their useful activity (e.g., antioxidative
activity) in vivo with high efficiency.

The present invention can also modify the taste of fla-
vonoid compounds through glycosylation. Particularly when
a flavonoid compound having bitter and astringent tastes like
a catechin compound is glycosylated in accordance with the
present invention, such tastes can be reduced.

The present invention can also improve the heat stability of
flavonoid through glycosylation.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an HPLC analysis chart of catechin when
treated with a crude enzyme solution of Trichoderma viride
IAMS5141.

FIG. 2 shows a dendrogram prepared by a dendrogram
preparation program, Tree view, with respect to the amino
acid sequences of putative ORFs having the alpha-amylase
catalytic domain (accession No. PF00128) motif extracted
from the genomic information databases of Aspergillus nidu-
lans, Neurospora crassa, Magnaporthe grisea and Fusarium
graminearum.

FIG. 3 shows an alignment of 4 amino acid sequences in
Group 1 of FIG. 2, along with their highly conserved regions
(underlined). FIG. 3 discloses SEQ ID NOS: 28-31, respec-
tively, in order of appearance.

FIG. 4 shows a comparison between genomic DNA
sequence (SEQ ID NO: 6) and cDNA sequence (SEQ ID NO:
9) of TRa2.

FIG. 5 shows the cDNA nucleotide sequence (SEQ ID NO:
9) of TRa2 and its corresponding deduced amino acid
sequence (SEQ ID NO: 10). The double-underlined part rep-
resents a putative secretion signal sequence.

FIG. 6 shows a comparison of the primary structure
between the deduced amino acid sequence of TRa2 (SEQ ID
NO: 32)and the Taka-amylase precursor amino acid sequence
(GB No. BAA00336) (SEQ ID NO: 33). Underlined: putative
secretion signal of TRa2; broken-underlined: secretion signal
of Taka-amylase; double-underlined: 4 regions highly con-
served among a-amylase family enzymes; and amino acid
residues indicated with *: amino acid residues located at
catalytic sites.

FIG. 7 shows HPLC analysis charts of the reaction solution
when (+)-catechin or (-)-epigallocatechin-3-O-gallate and
dextrin were added to and reacted in a culture supernatant
stock of a transformant (strain TRa2-1) or a concentrate
thereof.

FIG. 8 is a graph showing glycosylation activity of a crude
TRa2 enzyme solution prepared from the culture supernatant
of a transformant (strain TRa2-1), when used for reaction
between each glycosyl acceptor compound ((+)-catechin,
(-)-epigallocatechin-3-O-gallate, esculetin, naringenin,
quercetin, daidzein, genistein or kaempferol) and dextrin.

FIG. 9 is graphs showing the optimum pH and optimum
temperature during glycosylation reaction with an enzymatic
agent.

FIG. 10 is a graph showing the % remaining of (+)-catechin
or 4-0O-a-D-glucopyranosyl-(+)-catechin after a solution
containing the same was treated at different temperatures
ranging from 4° C. to 100° C. for 0 to 4 hours.

FIG. 11 is a graph showing the water solubility of (+)-
catechin and a glycoside thereof or (-)-epigallocatechin-3-
O-gallate and a glycoside thereof.

FIG. 12 shows a HPLC analysis chart of the reaction solu-
tion when (-)-epigallocatechin-3-(3"-O-methyl)gallate, dex-
trin and an enzymatic agent were mixed and reacted.

FIG. 13 shows a radar chart of taste quality obtained with a
taste sensor for a green tea extract rich in (-)-epigallocat-
echin-3-O-gallate (TVG-1), a glycoside fraction thereof (BR-
1), and uniformly-purified products of individual glycosides
contained in BR-1 (i.e., 5-O-a-D-glucopyranosyl-(-)-epigal-
locatechin-3-O-gallate (5G-1), 5-O-(4-O-a-D-glucopyrano-
syl-a-D-glucopyranosyl)-(-)-epigallocatechin-3-O-gallate
(5GG-1), and 7-O-a-D-glucopyranosyl-(-)-epigallocat-
echin-3-O-gallate (7G-1)).
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EXAMPLES

Example 1

Catechin Glycosylation Activity in Trichoderma
Culture

Trichoderma viride strain IAM 5141 was inoculated from a
slant into a liquid medium (10 ml) containing 1% yeast
extract (Difco), 1% polypeptone (Nihon Pharmaceutical Co.,
Ltd., Japan) and 2% dextrin (Nacalai Tesque, Inc., Japan),
followed by shaking culture at 30° C. for 1 day to give a
pre-cultured solution. Further, the entire volume of the pre-
cultured solution was inoculated into 900 ml of the same
liquid medium and cultured at 30° C. for 3 days, followed by
filter filtration to prepare a culture supernatant solution. After
addition of ammonium sulfate (387 g, 80% saturation) to the
culture supernatant (690 ml), the mixture was stirred and
centrifuged to collect a precipitate. The resulting precipitate
was diluted with 10 m10f'0.1 M acetate buffer (pH 5.0) for use
as a crude enzyme solution.

To the crude enzyme solution (100 pl), catechin (3 mg) and
dextrin (10 mg) were added and stirred at 50° C. for 24 hours
to cause an enzyme reaction. The reaction solution was
diluted 10-fold with 0.1% trifluoroacetic acid (TFA), 10 ul of
which was then analyzed by high performance liquid chro-
matography (HPLC).

Analysis Conditions

Column: Develosil C30-UG-5 (4.6x150 mm)

Gradient conditions: 5% Eluent B—+50% Eluent B/20 min

Eluent A: 0.1% TFA/distilled water

Eluent B: 90% acetonitrile/0.08% TFA

Flow rate: 1 ml/min

Detection wavelength: 280 nm

As shown in FIG. 1, the results confirmed the generation of
a catechin glycoside through the above reaction. Moreover, it
was also confirmed that a similar glycoside was generated in
the case of using y-cyclodextrin as a glycosyl donor. These
results suggest that 7. viride strain IAM5141 produces and
secretes an enzyme which glycosylates catechin using dextrin
or y-cyclodextrin as a glycosyl donor.

Example 2

Properties of Various Enzymatic Agents Derived
from the Genus Trichoderma

(+)-Catechin (3 mg) was dissolved in 100 pl of 0.1 M
acetate buffer (pH 5) and mixed with each enzymatic agent
(10 mg or 10 pul) and soluble starch (10 mg, Nacalai Tesque,
Inc., Japan) or dextrin (10 mg), followed by stirring at 50° C.
for 1 day. After the reaction, the centrifuged supernatant was
diluted 10-fold and analyzed by HPLC. Analysis conditions
were set as shown in Example 1.

The enzymatic agents used are shown in the table below,
along with their experimental results.

TABLE 1

Gly- Product
cosyl % area

Supplier Enzymatic agent donor 7-Gle 5-Gle
Yakult Cellulase “Onozuka” none — —
Pharmaceutical derived from Trichoderma viride SS 2.86 8.79
Industry Dex 293 897
Yakult Cellulase “Onozuka” RS none — —
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TABLE 1-continued

Gly- Product
cosyl % area

Supplier Enzymatic agent donor 7-Gle 5-Gle
Pharmaceutical derived from Trichoderma viride SS 221 9.21
Industry Dex 1.70 795
Yakult Cellulase “Onozuka” R-10 none — —
Pharmaceutical derived from Trichoderma viride SS — 7.68
Industry Dex — 5.98
Yakult Cellulase “Onozuka” FA none — —
Pharmaceutical derived from Trichoderma viride SS 292 878
Industry Dex 2.82  9.14
Yakult Fancellase none — —
Pharmaceutical derived from Trichoderma viride SS — 2.51
Industry B-1,3-glucanase Dex — 1.70
Yakult Pancellase SS none — —
Pharmaceutical derived from Trichoderma viride SS 2.18  8.17
Industry cellulase Dex 1.94 7.05
Yakult Pancellase BR none — —
Pharmaceutical derived from Trichoderma viride SS 2.86  8.30
Industry 5% cellulase + 95% lactose Dex 3.19 994
Yakult Cellulase “Onozuka” 3S none — —
Pharmaceutical derived from Trichoderma viride SS 3.04  9.85
Industry Dex 251 9.28
Amano Enzyme  Cellulase T “Amano” 4 none 094 2.86
derived from Trichoderma viride SS 1.98  6.00
16% cellulase + dextrin Dex 1.41 419
Amano Enzyme  Cellulase XP-425 none 1.71  5.82
SS 3.27  9.54
Dex 3.09 847
SIGMA Cellulase none — 2.07
derived from Trichoderma viride SS 2.57 10.99
Dex 1.36  6.17

None: absence,

SS: soluble starch,

Dex: dextrin

7-Gle: 7-O-a-D-glucopyranosyl-(+)-catechin
5-Gle: 5-O-a-D-glucopyranosyl-(+)-catechin

It was found that glycosylation activity on catechin com-
pounds was observed for a wide range of enzymatic agents
derived from the genus 7richoderma, which are commer-
cially available as cellulase from different suppliers.

Example 3
Preparation of Flavonoid Glycosides (1)

a. Preparation of 5-O-a.-D-glucopyranosyl-(+)-cat-
echin and 7-O-a-D-glucopyranosyl-(+)-catechin

(+)-Catechin (60 mg) was mixed with soluble starch (200
mg, Nacalai Tesque, Inc., Japan), Cellulase T “Amano” 4
(200 mg, Amano Enzyme Inc., Japan) and 0.1 M acetate
buffer (2 ml, pH 5), followed by stirring at 50° C. for 3 days.
After the reaction, the centrifuged supernatant was fraction-
ated and purified under the following conditions: column:
Develosil C30-UG-5 (20x250 mm, Nomura Chemical Co.,
Ltd., Japan), Eluent A: 0.1% TFA/distilled water, Eluent B:
90% acetonitrile/0.08% TFA, elution conditions: 20% Eluent
B, flow rate: 4 ml/min, detection wavelength: 280 nm. The
generated main peak fraction was collected and lyophilized to
prepare a standard.

7-0-a-D-glucopyranosyl-(+)-catechin: m/z 450.9, NMR:
d ppm (D,O); 2.48 (1H, dd), 2.80 (1H, dd), 3.42 (1H, 1),
3.4-3.7 (4H, m), 3.80 (1H, 1), 4.14 (1H, q), 4.69 (1H, d), 5.47
(1H,d),6.23 (1H, d), 6.27 (1H, d), 6.78 (1H, dd), 6.84 (1H, d),
6.86 (1H, d).

5-0-a.-D-glucopyranosyl-(+)-catechin: m/z450.8, NMR &
ppm (D,0); 2.62 (1H, dd), 2.81 (1H, dd), 3.43 (1H, t), 3.45-
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3.55 (1H, m), 3.6-3.7 (3H, m), 3.83 (111, 1), 4.18 (11, dd),
476 (1H, d), 5.61 (1H, d), 6.09 (1H, d), 6.31 (1H, d), 6.77
(1M, d), 6.8-6.9 (2H, m).

b. Preparation of 5-O-a.-D-glucopyranosyl-(-)-epi-
gallocatechin-3-O-gallate

(-)-Epigallocatechin-3-O-gallate (120 mg) was mixed
with dextrin (400 mg, Nacalai Tesque, Inc., Japan), Cellulase
“Onozuka” RS (400 mg, Yakult Pharmaceutical Industry Co.,
Ltd., Japan) and 0.1 M acetate buffer (3 ml, pH 5), followed
by stirring at 50° C. for 3 days. After the reaction, the centri-
fuged supernatant was fractionated and purified under the
following conditions: column: Develosil C30-UG-5 (20x250
mm), elution conditions: 40% methanol, flow rate: 3 ml/min,
detection wavelength: 280 nm. The main peak fraction was
5-O-a-D-glucopyranosyl-(-)-epigallocatechin-3-O-gallate.

5-0-a-D-glucopyranosyl-(-)-epigallocatechin-3-O-gal-
late: m/z 621.0, NMR 8 ppm (D,0); 2.8-3.1 (2H, m), 3.52
(1H, 1), 3.7-3.8 (4H, m), 3.91 (1H, 1), 5.01 (1H, s), 5.54 (1H,
s), 5.6 (1H, broad s), 6.35 (1H, s), 6.43 (1H, s), 6.57 (2H, s),
6.95 (2H, s).

c. Preparation of 7-O-a.-D-glucopyranosyl-(-)-epi-

gallocatechin-3-O-gallate and 7-0-(4-O-a-D-glu-

copyranosyl-a.-D-glucopyranosyl)-(-)-epigallocat-
echin-3-O-gallate

Epigallocatechin gallate (3 g) was mixed with Pancellase
BR (5 g, Yakult Pharmaceutical Industry Co., Ltd., Japan),
dextrin (10 g) and 0.1 M acetate buffer (100 ml, pH 5),
followed by stirring at 50° C. for 4 hours. After the reaction,
the centrifuged supernatant was adsorbed onto a Sepharose
LH20 (100 ml, Amersham Biosciences) column. After step-
wise elution with distilled water (200 ml), 30% ethanol (200
ml) and 40% ethanol (200 ml), glycoside fractions were col-
lected to prepare a lyophilized product, 50 mg of which was
further dissolved in distilled water (5 ml) and then fraction-
ated and purified under the following conditions: column:
Develosil C30-UG-5 (20250 mm), Eluent A:0.1% TFA/dis-
tilled water, Eluent B:90% methanol/0.1% TFA, elution con-
ditions: 30% B, flow rate: 3 ml/min, detection wavelength:
280 nm. As major components, 7-O-a-D-glucopyranosyl-
(-)-epigallocatechin-3-O-gallate and 7-O-(4-O-a-D-glu-
copyranosyl-a.-D-glucopyranosyl)-(-)-epigallocatechin-3-
O-gallate were obtained.

7-O-a.-D-glucopyranosyl-(-)-epigallocatechin-3-O-gal-
late: m/z 621.1, NMR 8 ppm (D,0); 2.98 (1H, d), 3.08 (1H,
d), 3.53 (1H, 1), 3.68 (1H, s), 3.7-3.9 (3H, m), 3.92 (1H, v),
5.14 (1H, s), 5.62 (2H, broad s), 6.40 (1H, s), 6.48 (1H, s),
6.61 (2H, s), 6.99 (2H, s).

7-0-(4-O-a-D-glucopyranosyl-a-D-glucopyranosyl)-(-)-
epigallocatechin-3-O-gallate: m/z 783.1, NMR & ppm
(D20); 2.93 (1H, dd), 3.00 (1H, dd), 3.43 (1H, 1), 3.60 (1H,
dd), 3.7-3.9 (9H, m), 4.18 (1H, 1), 4.96 (1H, s), 5.21 (1H, d),
5.51 (1H, bs), 5.59 (1H, d), 6.35 (1H, d), 6.43 (1H, d), 6.57
(2H, s), 6.96 (2H, s).

Example 4
Preparation of Flavonoid Glycosides (2)
1. PCR Cloning of Partial a-amylase Homolog Sequences
In view of the facts that dextrin and y-cyclodextrin are

polymers in which glucose residues are linked through a-1.4
linkages and that the intended enzyme has the ability to
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degrade these polymers, it is suggested that the enzyme may
be an ai-amylase family-like enzyme.

For further study, with respect to a putative ORF having the
alpha-amylase catalytic domain (accession No. PF00128)
motif in the protein family database (PFAM), 9, 6, 8 and 6
amino acid sequences were extracted from the genomic infor-
mation databases of Aspergillus nidulans, Neurospora
crassa, Magnaporthe grisea and Fusarium graminearum,
respectively, among microorganisms belonging to the same
ascomycetous filamentous fungi as Trichoderma and already
identified for their genome sequences. For these sequences,
an alignment was prepared by the homology search program
ClustalW and a dendrogram was prepared by the dendrogram
preparation program Tree view, whereby the sequences were
grouped on the basis of their homology. Four amino acid
sequences in Group 1 of FIG. 2, ie, MGO02772.4
(EAA47529), MG10209.4 (EAA48146), AN3388.2
(EAA63356) and FG03842.1 (EAA71544) (numbers in
parentheses are Genebank Accession Nos.) were aligned to
synthesize oligo DNAs corresponding to the amino acid
sequences of their highly conserved regions (FIG. 3, under-
lined).

AMY-12f:
5'-TAYTGYGGNGGNACNTTYAARGGNYT-3"' (SEQ ID NO: 1)
AMY-15r:
5'-TTYTCNACRTGYTTNACNGTRTCDAT-3"' (SEQ ID NO: 2)
AMY-17r:
5' -GGTNAYRTCYTCNCKRTTNGCNGGRTC-3"' (SEQ ID NO: 3)

From wet cells (about 1 g) of 7’ viride IAMS5141 cultured as
described above, genomic DNA was extracted with a DNeasy
plant Maxi Kit (QIAGEN). This genomic DNA (50 ng) was
used as a template to perform PCR reaction with primers
AMY-12f and AMY-15r or primers AMY-12f and AMY-17r.
Namely, PCR was accomplished by using ExTaq (Takara Bio
Inc., Japan) under the following conditions: 94° C. for 2
minutes, (94° C. for 1 minute, 50° C. for 1 minute, 72° C. for
1 minute)x30 cycles, and 72° C. for 10 minutes. The PCR
products were analyzed by agarose gel electrophoresis, con-
firming a fragment of approximately 0.6 kbp for the primer
combination of AMY-12f and AMY-15r and a fragment of
approximately 1.0 kbp for the primer combination of AMY-
12f and AMY-17r. Then, these DNA fragments were excised
from the agarose gel and purified with a GFX PCR DNA and
Gel Band Purification Kit (Amersham Biosciences). Each
DNA was cloned with a TOPO-TA cloning kit (Invitrogen)
and analyzed for its nucleotide sequence using an ABI 3100
Avant (Applied Biosystems). The nucleotide sequence
obtained for the former fragment was included within the
nucleotide sequence obtained for the latter fragment. A
homology search with Blastx was made for this nucleotide
sequence against amino acid sequences registered in Gen-
Bank, indicating that the highest homology was observed
with MG10209.4 (EAA48146).

2. Genome Sequence Determination of Amylase Homolog

On the basis of the resulting nucleotide sequence of
approximately 1.0 kbp, the following primers were designed
and used to perform Inverse PCR.

TRa2-2:
5'-CCAACCTGGTATCTACATAC-3"' (SEQ ID NO: 4)
TRa2-3:
5'-AGATGGCATCAAATCCCAT-3"' (SEQ ID NO: 5)
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First, the genomic DNA prepared from 7. viride IAMS5141
was completely digested with HindIII or Pstl, and then closed
by self-ligation through overnight incubation at 16° C. with
ligation high (Toyobo Co., Ltd., Japan). These DNAs (0.1 ug
each) were each used as a template to perform PCR reaction
with the above primers TRa2-2 and TRa2-3. PCR was accom-
plished by using [LA Taq (Takara Bio Inc., Japan) under the
following conditions: 94° C. for 2 minutes, (95° C. for 30
seconds, 66° C. for 15 minutes)x30 cycles, and 72° C. for 10
minutes. The resulting PCR products were analyzed by aga-
rose gel electrophoresis, confirming a DNA fragment of
approximately 2 kb for the case of using the HindIII-digested
genomic DNA as a template, and a DNA fragment of approxi-
mately 4.5 kb for the case of using the Pstl-digested genome
as a template. These DNA fragments were each excised from
the agarose gel and cloned in the same manner as described
above. Nucleotide sequences were determined from both
ends of the inserted fragments. The nucleotide sequences
from the HindIll-digested genome and the Pstl-digested
genome were found to overlap with each other until reaching
the restriction enzyme sites. The nucleotide sequences thus
obtained were ligated to the partial sequence previously
obtained. This nucleotide sequence is shown in FIG. 4 (TRa2-
gDNA) and SEQ ID NO: 6. The coding region of the a-amy-
lase homolog was deduced by comparison with the 4
sequences in Group 1 of FIG. 2, appearance of an initiation
codon and a termination codon, etc. The initiation codon was
considered to be ATG at nucleotides 423-425, while the ter-
mination codon was considered to be TAA at nucleotides
1926-1928.

3. ¢cDNA Cloning of a-amylase Homolog

From the 7. viride strain IAMS5141 cells (about 0.1 g)
cultured as described above, total RNA was extracted with an
RNeasy plant mini kit. The total RNA (1 pg) was used for
cDNA synthesis in a SuperScript First-Strand system for
RT-PCR(Invitrogen) using random hexamers.

On the basis of the genome sequence previously obtained,
the following primers were designed.

TRa2EcoRI-f2:

5'-GGAATTCATGAAGCTTCGATCCGCCGTCCC-3"' (SEQ ID NO: 7)
TRa2XhoI-r2:

5'-CCGCTCGAGTTATGAAGACAGCAGCACAAT-3' (SEQ ID NO: 8)

The synthesized cDNA was used as a template to perform
PCR reaction with the above primers TRa2EcoRI-f2 and
TRa2Xhol-r2. PCR was accomplished by using Ex Taq
(Takara Bio Inc., Japan) under the following conditions: 94°
C. for 2 minutes, (94° C. for 1 minute, 55° C. for 1 minute, 72°
C. for 2 minutes)x30 cycles, and 72° C. for 10 minutes. The
resulting PCR products were analyzed by agarose gel elec-
trophoresis, confirming a DNA fragment of approximately
1.5 kb. This DNA fragment was excised from the agarose gel
and purified by GFX. The resulting DNA fragment was
cloned with a TOPO-TA cloning kit (Invitrogen) to construct
plasmid pCRTRa2-cDNA, and the nucleotide sequence of the
c¢DNA was determined (FIG. 4, FIG. 5 and SEQ ID NO: 9).
The genomic DNA sequence previously obtained was com-
pared with the cDNA sequence thus obtained, indicating that
the genome sequence contained two introns (FIG. 4). The
c¢DNA sequence was found to contain 1392 by ORF encoding
a protein composed of 463 amino acid residues (FIG. 5 and
SEQ ID NO: 10). This gene was designated as TRa2. When
the deduced amino acid sequence encoded by this gene was
analyzed by Signal P (Nielsen H. et. al., Protein Eng., 10, 1-6,
1997), the N-terminal 20 amino acid residues appeared to
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constitute a secretion signal sequence. Further, a homology
search was made for the deduced amino acid sequence
encoded by TRa2 in the same manner as described above,
indicating that the highest homology was observed with
AN3388.2 (EAA63356). The deduced amino acid sequence
of TRa2 protein was compared with the amino acid sequence
of Taka-amylase, which is a known a-amylase. The result
indicated that 4 conserved regions among a-amylase family
enzymes were also conserved in this enzyme (FIG. 6, double-
underlined), and that the aspartic acid residue, the glutamic
acid residue and the aspartic acid residue, each serving as an
active center, were all conserved (FIG. 6, amino acid residues
indicated with *).

4. Construction of Secretory Expression System for TRa2
Protein in Yeast

The plasmid pCRTRa2-cDNA was digested with restric-
tion enzymes EcoRI and Xhol to give a fragment of approxi-
mately 1.5 kb, which was then ligated to an EcoRI- and
Sall-digested fragment of plasmid pYE22m (Biosci. Biotech.
Biochem., 59(7), 1221-1228, 1995) using ligation high
(Toyobo Co., Ltd., Japan) to thereby obtain plasmid
pYETRa2.

The plasmid pYETRa2 was used to transform yeast S.
cerevisiae strain EH1315 by the lithium acetate method. The
resulting transformed strain was designated as strain TRa2-1.
Aloopful of the strain TRa2-1 was inoculated into 10 mlYPD
(Difco) liquid medium and cultured with shaking at 30° C. for
2 days. Since the TRa2 protein has a secretion signal sequence
composed of 20 amino acid residues at its N-terminal end, the
protein was considered to be secreted into a culture solution.
Then, the yeast cells were precipitated by centrifugation to
collect the culture supernatant.

5. Measurement of Glycosidase Activity of TRa2

The culture supernatant (500 pl) was concentrated about
5-fold using Microcon YM-30 (Amicon). The above concen-
trate (10 ul) was added to 100 pul of 20 mM acetate buffer (pH
5.0) containing 0.5% maltose, maltotriose, maltotetraose,
dextrin, a-cyclodextrin, p-cyclodextrin or y-cyclodextrin,
and reacted at 50° C. for 1 hour.

After completion of the reaction, each sample was ana-
lyzed by TLC as follows. The plate used was a silica gel G-60
plate (Merck & Co., Inc.), and the developing solution used
was 2-propanol:acetone:0.5 M lactic acid=2:2:1. For detec-
tion, the plate was sprayed with sulfuric acid:ethanol=1:9,
air-dried and then heated on a hot plate. As a result, none of
the sugars was degraded in a culture solution of the control
strain (strain C-1) transformed with vector pYE22m. In con-
trast, in a culture solution of the strain TRa2-1, maltotriose,
maltotetraose, dextrin and y-cyclodextrin were degraded to
mainly generate maltose and glucose, but there was no deg-
radation of maltose, a-cyclodextrin and [-cyclodextrin.

6. Measurement of Glycosylation Activity of TRa2

To 100 ul of a culture supernatant stock or a concentrate
thereof concentrated about 5-fold with a VIVASPIN 10,000
MWCO/PES (VIVASCIENCE), (+)-catechin or (-)-epigal-
locatechin-3-O-gallate (3 mg) and dextrin (10 mg) were
added and reacted with stirring at 50° C. for 1 day. After
completion of the reaction, the reaction solution was diluted
10-fold with a 0.1% trifluoroacetic acid solution and analyzed
by high performance liquid chromatography (HPL.C) under
the same conditions as used in Example 1. As a result, no
reaction product was observed in the reaction solution reacted
with the culture supernatant from the control strain (strain
C-1) transformed with vector pYE22m, whereas the genera-
tion of catechin glycosides and epigallocatechin-3-O-gallate
glycosides was confirmed in the case of the strain TRa2-1
(FIG. 7).
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7. TRa2-catalyzed Preparation of Catechin Glycosides

The strain TRa2-1 was inoculated into 200 m1 YPD liquid
medium and cultured with shaking at 30° C. for 3 days. The
cells were collected by centrifugation to obtain the culture
supernatant. This culture supernatant (100 ml) was concen-
trated to 50 ml using a ultrafiltration disk NMWL 30000/
regenerated cellulose while adding 100 ml of 0.1 M acetate
buffer (pH 5), and used as a TRa2 enzyme solution. The above
TRa2 enzyme solution (50 ml) was mixed with (+)-catechin
(1.5 g) and dextrin (5 g), followed by stirring at 45° C. for 18
hr. The reaction solution was centrifuged, and the supernatant
was adsorbed onto a LH20 (Amersham Biosciences) resin 60
ml/$2.5x20 cm column. After elution with distilled water
(120 ml) and 10% ethanol (240 ml), glycoside fractions were
collected and lyophilized to give 530 mg lyophilized powder,
50 mg of which was then dissolved in 5 ml distilled water and
separated on a Develosil C30-UG-5 column 20x250 mm, A:
0.1% TFA/distilled water, B: 90% methanol/0.1% TFA, 30%
B, 3 ml/min, 280 nm. Peaks 1 to 6 were collected and lyo-
philized in the order in which they were eluted from the
HPLC column. MS and NMR analyses suggested that Peak 1
was 5-0-(4-O-a-D-glucopyranosyl-a-D-glucopyranosyl)-
(+)-catechin, Peak 2 was 5-O-a-D-glucopyranosyl-(+)-cat-
echin, Peak 3 was 4'-O-(4-O-a-D-glucopyranosyl-a-D-glu-
copyranosyl)-(+)-catechin, Peak 4 was 4'-O-0-D-
glucopyranosyl-(+)-catechin, Peak 5 was 3'-O-(4-O-a.-D-
glucopyranosyl-a-D-glucopyranosyl)-(+)-catechin, and
Peak 6 was 3'-O-a-D-glucopyranosyl-(+)-catechin.

5-0-(4-0O-a-D-glucopyranosyl-a-D-glucopyranosyl)-(+)-
catechin: m/z 615.2, NMR 8 ppm (D,0); 2.71 (1H, dd), 2.85
(1H, dd), 3.42 (1H, t), 3.56-3.85 (9H, m), 4.19 (1H, t), 4.26
(1H, dd), 4.87 (1H, d), 5.70(1H, d), 6.19 (1H, d), 6.39 (1H, d),
6.83 (1H, dd), 6.90-6.93 (2H, m).

5-0-a-D-glucopyranosyl-(+)-catechin: m/z453.2, NMR &
ppm (D,0); 2.62 (1H, dd), 2.81 (1H, dd), 3.43 (1H, 1), 3.45-
3.55 (1H, m), 3.6-3.7 (3H, m), 3.83 (1H, t), 4.18 (1H, dd),
476 (1H, d), 5.61 (1H, d), 6.09 (1H, d), 6.31 (1H, d), 6.77
(1H, d), 6.8-6.9 (2H, m).

4'-0-(4-0-a.-D-glucopyranosyl-a.-D-glucopyranosyl)-
(+)-catechin: m/z 615.2, NMR 8 ppm (D,0); 2.54 (1H, dd),
2.81 (1H, dd), 3.43 (1H, 1), 3.60 (1H, dd), 3.68-3.94 (9H, m),
4.19-4.28 (2H, m), 4.82 (1H, d), 5.44 (1H, d), 5.62 (1H, d),
6.04 (1H, d), 6.11 (1H, d), 6.91 (1H, dd), 7.00 (1H, d), 7.22
(1H, d).

4'-O-a-D-glucopyranosyl-(+)-catechin: m/z 453.2, NMR
d ppm (D,O); 2.45 (1H, dd), 2.73 (1H, dd), 3.45 (1H, 1),
3.65-3.75(4H, m),4.11 (1H, dd), 4.7-4.75 (2H, m), 5.53 (1H,
d), 5.95(1H, d), 6.02 (1H, d), 6.83 (1H, dd), 6.91 (1H, d), 7.15
(1H, d).

3'-0-(4-0-a.-D-glucopyranosyl-a.-D-glucopyranosyl)-
(+)-catechin: m/z 615.2, NMR 8 ppm (D,0); 2.54 (1H, dd),
2.80 (1H, dd), 3.44 (1H, 1), 3.59 (1H, dd), 3.67-3.90 (9H, m),
4.17-4.24 (2H, m), 4.83 (1H, d), 5.41 (1H, d), 5.55 (1H, d),
6.03 (1H, d), 6.10 (1H, d), 7.10 (1H, d), 7.06 (1H, d), 7.26
(1H, d).

3'-O-a-D-glucopyranosyl-(+)-catechin: m/z 453.2, NMR
dppm (D,0);2.43 (1H, dd), 2.73 (1H, dd), 3.27 (1H, 5), 3.44
(1H,1),3.6-3.7 (4H, m), 3.88 (1H, 1), 4.10 (1H, dd), 4.69 (1H,
d), 5.46 (1H,d), 5.93 (1H, s), 6.01 (1H, s), 6.89 (1H, d), 6.94
(1H, dd), 7.18 (1H, d).
8. TRa2-catalyzed Preparation of Epigallocatechin-3-O-gal-
late Glycosides

The strain TRa2-1 was inoculated into 100 ml1 YPD liquid
medium and cultured with shaking at 30° C. for 3 days. The
cells were collected by centrifugation to obtain the culture
supernatant. This culture supernatant (45 ml) was concen-
trated to 20 ml using a ultrafiltration disk NMWL 30000/
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regenerated cellulose while adding 50 ml of 0.1 M acetate
buffer (pH 5), and used as a TRa2 enzyme solution. This TRa
enzyme solution (20 ml) was mixed with (-)-epigallocat-
echin-3-O-gallate (600 mg) and dextrin (2 g), followed by
stirring at 50° C. for 1 day. The reaction solution was centri-
fuged, and the supernatant was adsorbed onto a LH20resin 25
ml/$1.5x30 cm column. After elution with distilled water
(100 ml), 10% ethanol (100 ml), 20% ethanol (100 ml) and
30% ethanol (200 ml), the 30% ethanol fraction was collected
and lyophilized. The lyophilized powder (120 mg) was dis-
solved in 12 ml distilled water and separated on a Develosil
C30-UG-5 column 20x250 mm, A: 0.1% TFA/distilled water,
B: 90% methanol/0.1% TFA, 40% B, 3 ml/min, 280 nm. MS
and NMR analyses suggested that Peak 2 was 7-O-(4-O-a.-
D-glucopyranosyl-a-D-glucopyranosyl)-(-)-epigallocat-
echin-3-O-gallate, Peak 5 was 3'-O-(4-O-a-D-glucopyrano-
syl-a-D-glucopyranosyl)-(-)-epigallocatechin-3-O-gallate,
and Peak 6 was 3'-O-a-D-glucopyranosyl-(-)-epigallocat-
echin-3-O-gallate. In contrast, Peak 3 was suggested to be a
mixture of glucoside and maltotetraoside, as judged by its MS
data (m/z 621.2,1107.3), and the glucoside was considered to
be 7-O-a-D-glucopyranosyl-(-)-epigallocatechin-3-O-gal-
late, as judged by its retention time.

7-0-(4-O-a.-D-glucopyranosyl-a.-D-glucopyranosyl)-(-)-
epigallocatechin-3-O-gallate: m/z 783.2, NMR 9§ ppm
(CD,0D); 2.88 (1H, dd), 2.01 (1H, dd), 3.26 (1H, t), 3.46
(1H, dd), 3.6-3.9 (9H, m), 4.08 (1H, t), 5.00 (1H, s), 5.20 (1H,
d),5.43 (1H, d), 5.54 (1H, s), 6.27 (1H, d), 6.34 (1H, d), 6.51
(2H, d), 6.94 (2H, d).

3'-0-a-D-glucopyranosyl-(-)-epigallocatechin-3-O-gal-
late: m/z 621.1, 6 ppm (CD30D); 2.88 (1H, dd), 2.99 (1H,
dd),3.42 (1H, dd), 3.51 (1H,1),3.69 (1H, m), 3.8-3.9 (3H, m),
4.88 (1H, d), 4.98 (1H, s), 5.49 (1H, broad s), 5.95 (1H, d),
5.96 (1H, d), 6.65 (1H, d), 7.01 (2H, s), 7.11 (1H, d).

3'-0-(4-0-a-D-glucopyranosyl-a.-D-glucopyranosyl)-
(-)-epigallocatechin-3-O-gallate: m/z 783.2, § ppm
(CD30D); 2.87 (1H, broad d), 2.99 (1H, dd), 3.27 (1H, 1),
3.44-3.48 (2H, m), 3.6-3.8 (4H, m), 3.85 (2H, d), 3.98 (1H,
dd), 4.06 (H, 1), 4.85 (1H, d), 4.99 (1H, s), 5.28 (1H, d), 5.49
(1H, broad s), 5.94 (1H, d), 5.96 (1H, d), 6.64 (1H, d), 7.01
(2H, s), 7.09 (1H, d).

9. Expression of His-tagged TRa2 Protein (TRa2-his):
Construction of TRa2-his Expression Plasmid and Obtaining
of Transformed Yeast

To express a C-terminally His-tagged TRa2 protein in
yeast cells, the following primer was designed.

TRa2His Xhol-r2: Gcetegagttagtggtggtogtootoot-

gtgaagacagcagcaa (SEQ ID NO: 27)

The plasmid pCRTRa2-cDNA was used as a template to
perform PCR reaction with primers TraEcoRI-f2 and
TRa2His Xhol-r2. PCR was accomplished by using Ex Tag
(Takara Bio Inc., Japan) under the following conditions: 94°
C. for 2 minutes, (94° C. for 1 minute, 58° C. for 1 minute, 72°
C. for 2 minutes)x25 cycles, and 72° C. for 10 minutes. The
resulting PCR products were analyzed by agarose gel elec-
trophoresis, confirming a DNA fragment of approximately
1.5kb. This DNA fragment was excised from the agarose gel
and purified by GFX. The resulting DNA fragment was
cloned with a TOPO-TA cloning kit (Invitrogen), confirmed
for its nucleotide sequence, and designated as plasmid pCR-
TRa2-cDNA-His. pCRTRa2-cDNA-His was digested with
EcoRI and Xhol to give a DNA fragment of approximately
1.5 kb, which was then ligated to an EcoRI- and Sall-digested
fragment of plasmid pYE22m using ligation high (Toyobo
Co., Ltd., Japan) to thereby obtain plasmid pYE-TRa2-His.
The plasmid pYE-TRa2-His was used to transform yeast S.
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cerevisiae strain EH1315. The resulting transformed strain
was designated as strain TRa2-3.

Culturing

The strain TRa2-3 was cultured in 20 ml SD(-Trp) at 30° C.
for 16 hr. The pre-cultured solution was inoculated into 1 L of
SD(-Trp)+100 mM KH,PO,—KOH (pH 6.0) and cultured at
30° C. for 3 days, followed by centrifugation to collect the
culture supernatant.

Purification

The culture supernatant was applied onto a Ni**-chelated
Chelating Sepharose Fast Flow (5 ml, Pharmacia Biotech)
column equilibrated with Buffer S1 [20 mM NaH,PO,—
NaOH (pH 7.4), 10 mM imidazole, 0.5 M NaCl, 15 mM
2-mercaptoethanol], followed by washing with the same
buffer (40 ml). Subsequently, proteins bound to the column
were eluted with Buffer E1 [20 mM NaH,PO,—NaOH (pH
7.4), 200 mM imidazole, 0.5 M NaCl, 15 mM 2-mercaptoet-
hanol]. Active fractions were collected, and then desalted and
concentrated using a VIVASPIN (30,000 MWCO, VIVA-
SCIENCE).

Subsequently, the enzyme solution was applied (1.5
ml/min) onto a Resource Q (1 ml, Pharmacia Biotech) col-
umn equilibrated with Buffer S2 [20 mM KH,PO,—KOH
(pH 7.4), 15 mM 2-mercaptoethanol, 0.1% CHAPS], fol-
lowed by washing with the same buffer (10 ml). Subse-
quently, proteins bound to the column were eluted with a
0-100% linear gradient of Buffer E2 [20 mM KH,PO,—
KOH (pH 7.4), 0.6 M NaCl, 15 mM 2-mercaptoethanol, 0.1%
CHAPS] (60 ml). Active fractions were collected, and then
desalted and concentrated using a VIVASPIN (30,000
MWCO, VIVASCIENCE).

The same procedure was repeated again to perform
Resource Q column chromatography. Active fractions show-
ing a single band on SDS-PAGE were collected, and then
desalted and concentrated using a VIVASPIN (30,000
MWCO, VIVASCIENCE).

Measurement of Enzyme Activity:

Glycosylation Activity

A reaction solution (100 ul, 10 mM epigallocatechin-3-O-
gallate, 10 mg dextrin, 100 mM Acetate-NaOH (pH 5.3),
enzyme solution) was stirred at 45° C. for 24 hr, followed by
addition of 0.5% TFA (100 pl) to stop the reaction. After
stopping the reaction, the sample was centrifuged to collect
the supernatant. The product was analyzed by HPLC under
the conditions as shown below, thereby confirming the gen-
eration of epigallocatechin-3-O-gallate glycosides. HPLC
conditions: Eluent A, 0.1% TFA; Eluent B, 90% acetonitrile,
0.08% TFA; analytical column, Devolosil C30-UG-5 (4.6x
150 mm, NOMURA CHEMICAL); flow rate, 1 ml/min;
separation mode, 0 min-5% B, 20 min-50% B, 20.5 min-5%
B, 25 min-5% B

Example 5

Sugar Selectivity and Sugar Chain Length
Specificity

Glycosyl Donor Selectivity 1:

(+)-Catechin (6 mg) was mixed with Cellulase “Onozuka”
RS (20 mg), each glycosyl donor (20 mg) and 0.1 M acetate
buffer (200 pl, pH 5), followed by stirring at 50° C. for 1 day.
After the reaction, the centrifuged supernatant was diluted
10-fold and analyzed by HPLC. The glycosyl donors used
were cellobiose (Sigma), dextran (Sigma), maltose (Nacalai
Tesque, Inc., Japan), carboxymethylcellulose sodium (Na-
calai Tesque, Inc., Japan), soluble starch (Nacalai Tesque,
Inc., Japan), dextrin (Nacalai Tesque, Inc., Japan), isomaltoo-
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ligosaccharide (Wako Pure Chemical Industries, Ltd., Japan),
a-cyclodextrin (Wako Pure Chemical Industries, Ltd.,
Japan), y-cyclodextrin (Wako Pure Chemical Industries, Ltd.,
Japan) and trehalose dihydrate (Nacalai Tesque, Inc., Japan).

TABLE 2

Product (% area)

Glycosyl donor 7-Gle 5-Gle

Maltose
Cellobiose
Isomaltose
CM-cellulose
Soluble starch
Trehalose
Dextrin
a-Cyclodextrin
y-Cyclodextrin
Dextran

None

This enzyme was found to act on soluble starch, dextrin and
y-cyclodextrin to generate catechin glycosides, but did not act
on the other sugars.

Glycosyl Donor Selectivity 2:

(+)-Catechin (3 mg) was mixed with Cellulase “Onozuka”
RS (10 mg), each glycosyl donor (10 mg) and 0.1 M acetate
buffer (100 pl, pH 5), followed by stirring at 50° C. for 1 day.
The glycosyl donors used were maltose, maltotriose, mal-
totetraose, maltopentaose, maltohexaose, maltoheptaose and
dextrin (Nacalai Tesque, Inc., Japan), as well as y-cyclodex-
trin (Wako Pure Chemical Industries, [.td., Japan). After the
reaction, the centrifuged supernatant was diluted 10-fold and
analyzed by HPLC.

The results obtained are shown in the table below.

TABLE 3

Product (% area)

Glycosyl donor 7-Gle 5-Gle
Maltose — —

Maltotriose 0.51 2.54
Maltotetraose 1.60 7.15
Maltopentaose 1.98 7.87
Maltohexaose 2.06 7.89
Maltoheptaose 1.97 7.39
Dextrin 2.15 8.80
y-Cyclodextrin 4.73 14.53

Example 6

Substrate Specificity

The strain TRa2-1 was cultured overnight at 30° C. with
shaking in 10 ml YPD medium. After reaching the resting
phase, the culture solution was inoculated into the same
medium (2% (v/v)) and cultured with shaking at 30° C. for 3
days. After culturing, the supernatant was collected by cen-
trifugation and concentrated 5-fold to give a crude enzyme
solution of TRa2. The reaction was performed at 45° C. for 24
hr in 100 ul enzyme reaction solution containing 0.5 mM or
10 mM glycosyl acceptor compound ((+)-catechin, (-)-epi-
gallocatechin-3-O-gallate, esculetin, naringenin, quercetin,
daidzein, genistein or kaempferol), 10 mg dextrin, 100 mM
acetate buffer (pH 5.2) and the crude enzyme solution, fol-
lowed by HPLC analysis. The results obtained are shown in
FIG. 8.
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The area ratio (%) between acceptor compound and gly-
coside product was 10% for (+)-catechin, 17.7% for (-)-
epigallocatechin-3-O-gallate, 3.5% for esculetin, 4.4% for
naringenin, 9.4% for quercetin, 10.7% for daidzein, 6.8% for
genistein, and 3.1% for kaempferol.

Example 7
Study on Optimum pH and Temperature

(+)-Catechin (6 mg) was mixed with Pancellase BR (20
mg, Yakult Pharmaceutical Industry Co., Ltd., Japan), dextrin
(20 mg, Nacalai Tesque, Inc., Japan) and each buffer (200 ul),
followed by stirring at 50° C. for 6 hours. The buffers used
were 0.1 M acetate buffer (pH 4 to 5.5), 0.1 M phosphate
buffer (pH 6 to 7), and 0.1 M Tris-HCI buffer (pH 7.6 to 9).
After the reaction, the centrifuged supernatant was diluted
10-fold and analyzed by HPLC. The results obtained are
shown in FIG. 9 (left).

(+)-Catechin (6 mg) and dextrin (20 mg, Nacalai Tesque,
Inc., Japan) were dissolved at 50° C.in 200 ul 0of 0.1 M acetate
buffer (pH 5). After cooling, this solution was mixed with
Pancellase BR (20 mg, Yakult Pharmaceutical Industry Co.,
Ltd., Japan) and stirred at 20° C. to 60° C. for 6 hours. After
the reaction, the centrifuged supernatant was diluted 10-fold
and analyzed by HPLC. The results obtained are shown in
FIG. 9 (right).

Example 8
Heat Stability of Glycoside

After 10 mM potassium phosphate buffer (pH 7.0, 30 pl)
containing 100 uM (+)-catechin or 4'-O-a-D-glucopyrano-
syl-(+)—catechin obtained in Example 4 was treated at dif-
ferent temperatures ranging from 4° C. to 100° C. for O to 4
hours, each sample was transferred on ice and mixed with
0.1% TFA (60 ul), followed by HPLC analysis in the same
manner as shown in Example 1. FIG. 10 shows the % remain-
ing of (+)-catechin or 4'-O-a.-D-glucopyranosyl-(+)-catechin
when treated at different temperatures. The results indicated
that 4'-O-a-D-glucopyranosyl-(+)-catechin was more stable
against heat than catechin.

Example 9
Solubility of Glycoside

(+)-Catechin or 5-O-a-D-glucopyranosyl-(+)-catechin
obtained in Example 3 was added to water at different con-
centrations ranging from 10 to 450 mg/ml and dissolved by
vigorous stirring, followed by centrifugation to remove pre-
cipitates. The supernatant was analyzed by HPLC to quantify
the amounts of (+)-catechin and 5-O-a.-D-glucopyranosyl-
(+)-catechin. The same procedure was also repeated to study
the solubility of (-)-epigallocatechin-3-f-gallate or 5-O-a.-
D-glucopyranosyl-(-)-epigallocatechin-3-O-gallate. ~ The
results obtained are shown in FIG. 11.

The results indicated that (+)-catechin was substantially
insoluble in water, whereas 5-O-a-D-glucopyranosyl-(+)-
catechin showed at least 40-fold or higher solubility. Like-
wise, (-)-epigallocatechin-3-O-gallate was also confirmed to
have significantly increased solubility upon glycosylation.

Example 10
Preparation of Immobilized Enzyme

The following resins were studied as immobilization res-
ins: Express-lon D (Whatman), Diaion FPHA13 (Mitsubishi
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Chemical Corporation, Japan), DEAE-Toyopearl 650M
(Tosoh Corporation, Japan), DEAE-sepharose CL4B (Amer-
sham Biosciences) and Amberlite IRA904 (Organo). First,
Cellulase RS (240 mg) was dissolved in distilled water (8 ml)
and each resin (5 ml) was added thereto. After stirring for 30
minutes, the resin was washed twice with distilled water and
then lyophilized for use as an immobilized enzyme. Each of
the immobilized enzymes (5 ml) was filled into a column
(12x150 mm) and circulated with catechin (450 mg), dextrin
(1500 mg) and 0.1 M acetate buffer (15 ml, pH 5) to cause a
reaction at 50° C. for 4 days. After the reaction, the reaction
solution was diluted 10-fold and analyzed by HPLC. The
results obtained are shown in Table 4.

TABLE 4

Yield of glycoside

Immobilization resin (% area)
Express-Ion D 15.3
FPHA13 25.4
DEAE650M 18.0
DEAECL4B 18.3
IRA904 11.2

Example 11
Glycosylation of Methylated Catechin

(-)-Epigallocatechin-3-(3"-O-methyl)gallate (2.7 mg)
was mixed with Pancellase BR (9 mg), dextrin (9 mg) and 0.1
M acetate buffer (90 pl, pH 5), followed by stirring at 50° C.
for 18 hours. After the reaction, the centrifuged supernatant
was diluted 10-fold and analyzed by HPLC. The results
obtained are shown in FIG. 12.

Example 12

Glycosylation Through Combined Use of Enzymatic
Agents

A green tea extract rich in (-)-epigallocatechin-3-O-gal-
late (30 g, trade name: Teavigo, DSM Nutrition Japan) was
mixed with Pancellase BR (100 g), cluster dextrin (100 g,
Ezaki Glico Co., Ltd., Japan), a-cyclodextrin (100 g) and
cyclodextrin glucanotransferase (100 ml, Amano Enzyme
Inc., Japan) in 0.1 M acetate bufter (1000 ml, pH 5), followed
by stirring at 50° C. for 3.5 hours. After the reaction, the
centrifuged supernatant was adsorbed onto a Sepharose
LH20 (1000 ml, Amersham Biosciences) column. The col-
umn was washed with distilled water (6000 ml) and then
eluted stepwise with 30% ethanol (6000 ml), followed by
concentration and lyophilization to prepare a glycoside frac-
tion (13.9 g).

Example 13
Taste Evaluation of Glycosides

The glycoside prepared in Example 12 (BR-1), individual
glycoside components uniformly purified (i.e., 5-O-a.-D-glu-
copyranosyl-(-)-epigallocatechin-3-O-gallate (5G-1), 5-O-
(4-O-a-D-glucopyranosyl-a-D-glucopyranosyl)-(-)-epigal-
locatechin-3-O-gallate (5GG-1) and 7-0-0.-D-
glucopyranosyl-(-)-epigallocatechin-3-O-gallate ~ (7G-1))
and the green tea extract (TVG-1) used as a source material
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were each dissolved at 200 ppm in distilled water and evalu-
ated for taste quality by using a taste sensor (Taste & Aroma
Strategic Research Institute Co., Ltd., Japan) which detects
the intensity of each taste as a potential difference in an
“artificial lipid membrane” electrode mimicking the human
tongue. The results obtained are shown in FIG. 13. The tested

24

glycosides each showed a significantly lower level of astrin-
gent taste than the green tea extract (TVG-1) serving as a
control, indicating that the taste quality was improved
through glycosylation. Likewise, sensory tests made by pan-
elists also provided the evaluation results indicating reduced
bitter and astringent tastes and hence increased drinkability.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 33

<210> SEQ ID NO 1

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown: Ascomycetes
sequence

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (15).. (15

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (24)..(24)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 1

taytgyggng gnacnttyaa rggnyt 26

<210> SEQ ID NO 2

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown: Ascomycetes
sequence

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (15).. (15

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (18).. (18

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 2

ttytcnacrt gyttnacngt rtcdat 26

<210> SEQ ID NO 3

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown: Ascomycetes
sequence

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (13)..(13)
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-continued

26

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (22)..(22)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 3

ggtnayrtcy tcnckrttng cnggrtc

<210> SEQ ID NO 4

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Trichoderma viride

<220> FEATURE:

<223> OTHER INFORMATION: Strain IAM5141

<400> SEQUENCE: 4

ccaacctggt atctacatac

<210> SEQ ID NO 5

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Trichoderma viride

<220> FEATURE:

<223> OTHER INFORMATION: Strain IAM5141

<400> SEQUENCE: 5

agatggcatc aaatcccat

<210> SEQ ID NO 6

<211> LENGTH: 2633

<212> TYPE: DNA

<213> ORGANISM: Trichoderma viride

<220> FEATURE:

<223> OTHER INFORMATION: Strain IAM5141

<400> SEQUENCE: 6

tcatacaaag ctatttcgaa gaccaatatt ctaccccctt ctccgacgat agagccctat
ggtaatggge cgatgggttg cttattcgge cctttgtegg cecggggcatg cgtgtttgac
atgttgaagc ttgggcagat ctgggatcgg cgtcacggga tgcctataac aggaggtctg
taagtggctg tttggccgeg gcaagtttta ttgccggage gaatatggeg tctcaatgeg
ctacgggatc ttgtttttgg tctgtttggt gtegtttggg caaagggggc atatgcgata
tctatgccct tggggatata tatatatgge ttgccgetet ctcettecttg gatcagettg
ctgaccacag acctcttgca gacgcagcct gaactcgage atcccacagce tgaaagaaga
agatgaagct tcgatccgecce gtcccgetge tgttgcaget ttctetecceg geegtecttg
gcgecgacac ggcagactgg aggtctcegta ccatctactt tgccctgaca gaccgaattg
ctcgcagete aagcgacacg ggaggctctg cgtgtacaaa tctgaatgac tactgtggtg
gcacgttcca gggcttggag agcaagctgg actacatcaa gggcatggga tttgatgcca
tctggatcaa ccccgtcegta accagtgagt tgcccatcta tccccatcct cttgattggt
ggctaacatc tcttgaaaga cagtgatttc ggecttccatg gctactggge actggatcta
aacactatca attctcacta tggcactgcg gatgatttaa agagtctcgt tgatgctgca

catggcaagg tatattcaca ccattctece aactgetgag tgtcagtget agaaataacce

aaaaacaggg cttctacatg atggtcgacg ttgtageccaa ccacatggga aacgcaaaca
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tcacagacga ctcceccecctece cctcectgaace aacaatcctce ataccacaca aaatgtgaca 1020
ttgacttcaa caaccagacc agcgtcgaaa actgttggct tgctggcecte ccagacgttg 1080
acacccagga ccctaccatc aggagcctct accaggactg ggtgtccaac ctggtatcta 1140
catacggett cgacggegtce cgcatcgaca cegtcaggea cgtcecgagcag gactactgge 1200
ccggcettegt caatgccage ggcgtgtact gcatcggcega agtcttcaac ggagacccag 1260
actttatgca gccctaccaa tcegctcatge ccggectect caactacgece atcttctacce 1320
ccetcaacge cttttatcag cagacgggct ccteccaage cctggtcgac atgcatgacce 1380
gtctcagete gttecccagac ccgacggcgce tgggcacctt tgtcgataac cacgacaacce 1440
ccegettect cagcecgtcaag aacgacacgt ctcectcettcaa gaatgeccctg acctacacca 1500
ttecteggecg aggcatccece attgtctact acggctecga gcaagecttt tegggaagca 1560
acgaccccge caacagagag gacctctgge geageggcta caacaccgag acggacatgt 1620
acaatgccat ctccaagctc acctttgeca agcacacgge cggeggecte gccgacaacyg 1680
accacaagca cctgtacgtc gagcccacgg catacgectyg gagecgcegee ggcggcaage 1740
tggtggcectt taccaccaac agcggcggcg gcagctcegge ccagttctge tteggcacgce 1800
aggtccccaa cgggagctgg acgaatgtgt ttgatggegg caatggcccg acgtacactg 1860
ctgatggcaa tggacagctc tgcttgacca cgacgaatgg tgagccgatt gtgectgetgt 1920
cttcataaaa caatatggcg acatataata tacatgtata tcacctagta catacttgga 1980
taggtacgtg ttacttaccc ggatagagct tcatgttgtt accttcaage tgttgtttct 2040
ttecttetete ttttgtggac atactgtacg atcatgaagg gtacatattt tagtcgtaac 2100
aaaattaggc atttactact acctagacta aactgtttgt tgttgatcat gtacctagag 2160
caagcaatga accatgccat gatttcctte atctcccaga cccgtatttg aattgcectgt 2220
ggatagatgt gcttgaaaga cctgccatgce gctcaaagta attgttattg aatagtcegt 2280
cccaaaatat taactgcagt gccgagatat ctgttgttcecce gtcaggcctg ttcaacctgce 2340
ggggatagaa aatctccatg tgctcatgag tgcataaatt ccgcaccgaa tcctecgett 2400
ccaaaaaaaa aaaagaagca atattataaa aagcaaagtc gtcatgccgt caaatagcct 2460
ttatagtcce gtgtatgcte gcaagtecttg tcegtegteg ttagectgta ttattcacat 2520
gcgtgtgtceca tcegatagect tgtgtttete gtgtcgcacg atttgctectt gatattgacce 2580
acattccttce ggtacaatga gcaaatatat ataccgttgt ggtgggtaat gag 2633
<210> SEQ ID NO 7
<211> LENGTH: 30
<212> TYPE: DNA
<213> ORGANISM: Trichoderma viride
<220> FEATURE:
<223> OTHER INFORMATION: Strain IAM5141
<400> SEQUENCE: 7
ggaattcatg aagcttcgat ccgceccgtecce 30

<210> SEQ ID NO 8

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Trichoderma viride
<220> FEATURE:

<223> OTHER INFORMATION: Strain IAM5141

<400> SEQUENCE: 8
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ccgetegagt tatgaagaca gcagcacaat

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>

<400> SEQUENCE:

atg
Met
1

gece
Ala

ttt
Phe

tct
Ser

ttg
Leu
65

tgg
Trp

tgg
Trp

gat
Asp

atg
Met

gac
Asp
145

gac
Asp

gge
Gly

cag
Gln

cge
Arg

gte
Val
225

cca
Pro

aag
Lys

gte
Val

gece
Ala

gecg
Ala
50

gag
Glu

ate
Ile

gca
Ala

tta
Leu

gte
Val
130

tce
Ser

att
Ile

cte
Leu

gac
Asp

ate
Ile
210

aat

Asn

gac
Asp

ctt
Leu

ctt
Leu

ctyg
Leu

tgt
Cys

agc
Ser

aac
Asn

ctyg
Leu

aag
Lys
115

gac
Asp

cce
Pro

gac
Asp

cca
Pro

tgg
Trp
195

gac

Asp

gece
Ala

ttt
Phe

cga
Arg

gge
Gly
20

aca
Thr

aca
Thr

aag
Lys

cce
Pro

gat
Asp
100

agt
Ser

gtt
Val

tce
Ser

ttc
Phe

gac
Asp
180

gtg
Val

ace
Thr

agc
Ser

atg
Met

SEQ ID NO 9
LENGTH:
TYPE: DNA
ORGANISM: Trichoderma viride
FEATURE:
OTHER INFORMATION:
FEATURE:
NAME/KEY: CDS
LOCATION:

1392

Strain

(1) ..(1389)

9

tecc
Ser

gece
Ala

gac
Asp

aat
Asn

ctyg
Leu

gte
Val

cta
Leu

cte
Leu

gta
Val

cct
Pro

aac
Asn
165

gtt
Val

tecc
Ser

gte
Val

gge
Gly

cag
Gln
245

gece
Ala

gac
Asp

cga
Arg

ctyg
Leu

gac
Asp
70

gta
Val

aac
Asn

gtt
Val

gece
Ala

ctyg
Leu
150

aac
Asn

gac
Asp

aac
Asn

agg
Arg

gtg
Val
230

cece
Pro

gte
Val

acg
Thr

att
Ile

aat
Asn
55

tac
Tyr

acce
Thr

act
Thr

gat
Asp

aac
Asn
135

aac
Asn

cag
Gln

acce
Thr

ctyg
Leu

cac
His
215
tac

Tyr

tac
Tyr

ccg
Pro

gca
Ala

get
Ala

gac
Asp

ate
Ile

aac
Asn

ate
Ile

get
Ala
120

cac
His

caa
Gln

ace
Thr

cag
Gln

gta
Val
200

gte

Val

tgce
Cys

caa
Gln

IAM5141

ctyg
Leu

gac
Asp
25

cge
Arg

tac
Tyr

aag
Lys

agt
Ser

aat
Asn
105

gca
Ala

atg
Met

caa
Gln

agc
Ser

gac
Asp
185

tct
Ser

gag
Glu

ate
Ile

tcg
Ser

ctyg
Leu
10

tgg
Trp

agc
Ser

tgt
Cys

gge
Gly

gat
Asp

tct
Ser

cat
His

gga
Gly

tce
Ser

gte
Val
170

cct
Pro

aca
Thr

cag
Gln

gge
Gly

cte
Leu
250

ttyg
Leu

agg
Arg

tca
Ser

ggt
Gly

atg
Met
75

tte
Phe

cac
His

gge
Gly

aac
Asn

tca
Ser
155

gaa
Glu

ace
Thr

tac
Tyr

gac
Asp

gaa
Glu
235

atg
Met

cag
Gln

tct
Ser

agc
Ser

gge
Gly
60

gga
Gly

gge
Gly

tat
Tyr

aag
Lys

gca
Ala
140

tac
Tyr

aac
Asn

ate
Ile

gge
Gly

tac
Tyr
220

gte
Val

cece
Pro

ctt
Leu

cgt
Arg

gac
Asp

acg
Thr

ttt
Phe

tte
Phe

gge
Gly

gge
Gly
125

aac
Asn

cac
His

tgt
Cys

agg
Arg

tte
Phe
205

tgg
Trp

tte
Phe

gge
Gly

tct
Ser

ace
Thr
30

acg
Thr

ttc
Phe

gat
Asp

cat
His

act
Thr
110

ttc
Phe

ate
Ile

aca
Thr

tgg
Trp

agc
Ser
190

gac

Asp

cce
Pro

aac
Asn

cte
Leu

cte
Leu
15

ate
Ile

gga
Gly

cag
Gln

gece
Ala

gge
Gly

gecg
Ala

tac
Tyr

aca
Thr

aaa
Lys

ctt
Leu
175

cte
Leu

gge
Gly

gge
Gly

gga
Gly

cte
Leu
255

ccg
Pro

tac
Tyr

gge
Gly

gge
Gly

ate
Ile
80

tac
Tyr

gat
Asp

atg
Met

gac
Asp

tgt
Cys
160

get
Ala

tac
Tyr

gte
Val

ttc
Phe

gac
Asp
240

aac
Asn

30

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768
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32

tac
Tyr

tecc
Ser

ceg
Pro

cte
Leu
305

acce
Thr

gece
Ala

agc
Ser

acce
Thr

cac
His
385
aag

Lys

tte
Phe

gat
Asp

tgc
Cys

<210>
<211>
<212>
<213>
<220>
<223>

gece
Ala

caa
Gln

acg
Thr
290

agc
Ser

att
Ile

ttt
Phe

gge
Gly

ttt
Phe
370

ctyg
Leu

ctyg
Leu

tgce
Cys

gge
Gly

ttg
Leu
450

ate
Ile

gece
Ala
275

gecg
Ala

gte
Val

cte
Leu

tcg
Ser

tac
Tyr
355

gece
Ala

tac
Tyr

gtg
Val

ttc
Phe

gge
Gly
435

ace
Thr

ttc
Phe
260

ctyg
Leu

ctyg
Leu

aag
Lys

gge
Gly

gga
Gly
340

aac

Asn

aag
Lys

gte
Val

gece
Ala

gge
Gly
420

aat
Asn

acg
Thr

PRT

<400> SEQUENCE:

Met
1

Ala

Phe

Ser

Leu

65

Trp

Lys

Val

Ala

Ala

50

Glu

Ile

Leu

Leu

Leu

35

Cys

Ser

Asn

Arg

Gly

20

Thr

Thr

Lys

Pro

tac
Tyr

gte
Val

gge
Gly

aac
Asn

cga
Arg
325

agc
Ser

acce
Thr

cac
His

gag
Glu

ttt
Phe
405

acg

Thr

gge
Gly

acg
Thr

SEQ ID NO 10
LENGTH:
TYPE:
ORGANISM: Trichoderma
FEATURE:
OTHER INFORMATION:

463

10

Ser

Ala

Asp

Asn

Leu

Val
85

cece
Pro

gac
Asp

acce
Thr

gac
Asp
310

gge
Gly

aac
Asn

gag
Glu

acg
Thr

cece
Pro
390

acc

Thr

cag
Gln

ceg
Pro

aat
Asn

Ala

Asp

Arg

Leu

Asp

70

Val

cte
Leu

atg
Met

ttt
Phe
295

acg
Thr

ate
Ile

gac
Asp

acg
Thr

gece
Ala
375

acg
Thr

acce
Thr

gte
Val

acg
Thr

ggt
Gly
455

aac
Asn

cat
His
280

gte
Val

tct
Ser

cce
Pro

cce
Pro

gac
Asp
360

gge
Gly

gca
Ala

aac
Asn

cce
Pro

tac
Tyr
440

gag
Glu

gece
Ala
265

gac
Asp

gat
Asp

cte
Leu

att
Ile

gece
Ala
345

atg
Met

gge
Gly

tac
Tyr

agc
Ser

aac
Asn
425

act

Thr

ccg
Pro

viride

Strain

Val

Thr

Ile

Asn

55

Tyr

Thr

Pro

Ala

Ala

40

Asp

Ile

Asn

ttt
Phe

cgt
Arg

aac
Asn

ttc
Phe

gte
Val
330

aac
Asn

tac
Tyr

cte
Leu

gece
Ala

gge
Gly
410

999
Gly

get
Ala

att
Ile

IAM5141

Leu

Asp

25

Arg

Tyr

Lys

Ser

Leu

10

Trp

Ser

Cys

Gly

Asp
90

tat
Tyr

cte
Leu

cac
His

aag
Lys
315
tac

Tyr

aga
Arg

aat
Asn

gee
Ala

tgg
Trp
395

gge
Gly

agc
Ser

gat
Asp

gtg
Val

Leu

Arg

Ser

Gly

Met

75

Phe

cag
Gln

agc
Ser

gac
Asp
300
aat

Asn

tac
Tyr

gag
Glu

gece
Ala

gac
Asp
380

agc
Ser

gge
Gly

tgg
Trp

gge
Gly

ctyg
Leu
460

Gln

Ser

Ser

Gly

60

Gly

Gly

cag
Gln

teg
Ser
285
aac

Asn

gece
Ala

gge
Gly

gac
Asp

ate
Ile
365

aac
Asn

cge
Arg

agc
Ser

acg
Thr

aat
Asn
445

ctyg
Leu

Leu

Arg

Asp

45

Thr

Phe

Phe

acg
Thr
270
ttc
Phe

cce
Pro

ctyg
Leu

tce
Ser

cte
Leu
350

tce
Ser

gac
Asp

gece
Ala

tcg
Ser

aat
Asn
430

gga
Gly

tct
Ser

Ser

Thr

30

Thr

Phe

Asp

His

gge
Gly

cca
Pro

cge
Arg

ace
Thr

gag
Glu
335

tgg
Trp

aag
Lys

cac
His

gge
Gly

gece
Ala
415

gtg
Val

cag
Gln

tca
Ser

Leu

15

Ile

Gly

Gln

Ala

Gly
95

tce
Ser

gac
Asp

ttc
Phe

tac
Tyr
320

caa
Gln

cge
Arg

cte
Leu

aag
Lys

gge
Gly
400

cag

Gln

ttt
Phe

cte
Leu

taa

Pro

Tyr

Gly

Gly

Ile

80

Tyr

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392
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34

Trp

Asp

Met

Asp

145

Asp

Gly

Gln

Arg

225

Pro

Tyr

Ser

Pro

Leu

305

Thr

Ala

Ser

Thr

His

385

Lys

Phe

Asp

Cys

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Ala

Leu

Val

130

Ser

Ile

Leu

Asp

Ile

210

Asn

Asp

Ala

Gln

Thr

290

Ser

Ile

Phe

Gly

Phe

370

Leu

Leu

Cys

Gly

Leu
450

Leu

Lys

115

Asp

Pro

Asp

Pro

Trp

195

Asp

Ala

Phe

Ile

Ala

275

Ala

Val

Leu

Ser

Tyr

355

Ala

Tyr

Val

Phe

Gly

435

Thr

Asp

100

Ser

Val

Ser

Phe

Asp

180

Val

Thr

Ser

Met

Phe

260

Leu

Leu

Lys

Gly

Gly

340

Asn

Lys

Val

Ala

Gly

420

Asn

Thr

SEQUENCE :

Leu

Leu

Val

Pro

Asn

165

Val

Ser

Val

Gly

Gln

245

Tyr

Val

Gly

Asn

Arg

325

Ser

Thr

His

Glu

Phe

405

Thr

Gly

Thr

SEQ ID NO 11
LENGTH:
TYPE: DNA
ORGANISM: Trichoderma
FEATURE:
OTHER INFORMATION:

583

11

Asn

Val

Ala

Leu

150

Asn

Asp

Asn

Arg

Val

230

Pro

Pro

Asp

Thr

Asp

310

Gly

Asn

Glu

Thr

Pro

390

Thr

Gln

Pro

Asn

Thr

Asp

Asn

135

Asn

Gln

Thr

Leu

His

215

Tyr

Tyr

Leu

Met

Phe

295

Thr

Ile

Asp

Thr

Ala

375

Thr

Thr

Val

Thr

Gly
455

Strain IF031328

Ile

Ala

120

His

Gln

Thr

Gln

Val

200

Val

Cys

Gln

Asn

His

280

Val

Ser

Pro

Pro

Asp

360

Gly

Ala

Asn

Pro

Tyr

440

Glu

Asn

105

Ala

Met

Gln

Ser

Asp

185

Ser

Glu

Ile

Ser

Ala

265

Asp

Asp

Leu

Ile

Ala

345

Met

Gly

Tyr

Ser

Asn

425

Thr

Pro

reeseil

Ser

His

Gly

Ser

Val

170

Pro

Thr

Gln

Gly

Leu

250

Phe

Arg

Asn

Phe

Val

330

Asn

Tyr

Leu

Ala

Gly

410

Gly

Ala

Ile

His

Gly

Asn

Ser

155

Glu

Thr

Tyr

Asp

Glu

235

Met

Tyr

Leu

His

Lys

315

Tyr

Arg

Asn

Ala

Trp

395

Gly

Ser

Asp

Val

Tyr

Lys

Ala

140

Tyr

Asn

Ile

Gly

Tyr

220

Val

Pro

Gln

Ser

Asp

300

Asn

Tyr

Glu

Ala

Asp

380

Ser

Gly

Trp

Gly

Leu
460

Gly

Gly

125

Asn

His

Cys

Arg

Phe

205

Trp

Phe

Gly

Gln

Ser

285

Asn

Ala

Gly

Asp

Ile

365

Asn

Arg

Ser

Thr

Asn
445

Leu

Thr

110

Phe

Ile

Thr

Trp

Ser

190

Asp

Pro

Asn

Leu

Thr

270

Phe

Pro

Leu

Ser

Leu

350

Ser

Asp

Ala

Ser

Asn

430

Gly

Ser

Ala

Tyr

Thr

Lys

Leu

175

Leu

Gly

Gly

Gly

Leu

255

Gly

Pro

Arg

Thr

Glu

335

Trp

Lys

His

Gly

Ala

415

Val

Gln

Ser

Asp

Met

Asp

Cys

160

Ala

Tyr

Val

Phe

Asp

240

Asn

Ser

Asp

Phe

Tyr

320

Gln

Arg

Leu

Lys

Gly

400

Gln

Phe

Leu
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tggagagcaa gttggactac atcaagggca tgggatttga tgcaatctgg attacgectg 60
ttgtgacgag tgagtttcac cttgccttge cttgcegtege acaaagcectt cgggagggaa 120
taggtagctg actctgtgat acccatgggt agacagtgat ggceggctatce atggctactg 180
ggcggaggac attgactcca tcaattccca ttatggetcet geggacgact tgaagagtet 240
tgtcaatgce gcgcatagca aggtacttte tteccatcat cacatggett taccettttg 300
cgttgttcta aagcgagaga aactaggget tctatatgat ggtggatgtce gtcgecaacce 360
acatgggcta cgccaacatc accgacgata gtectactee tcetgaaccaa gcctettegt 420
atcacccgga gtgtgacatc gactacaaca accagaccag cgtccaggaa tgctggatca 480
gtggtcteee ggatctcgac accgagagcec cgatgatccg cagectctac caggactggyg 540
tctccaacct cgtgtccacg tacggcttceg acggcgtecg cat 583
<210> SEQ ID NO 12
<211> LENGTH: 592
<212> TYPE: DNA
<213> ORGANISM: Trichoderma viride
<220> FEATURE:
<223> OTHER INFORMATION: Strain IF031327
<400> SEQUENCE: 12
tggagagcaa gttggactac atcaagggca tgggatccga tgccatctgg atcacacctg 60
ttgtgacgag tgagtctttt cataccttge cectgecttge ctegectege cttgeatgtg 120
tcgcatacag gettetggta tgcatageta aacctgatac ctetggacag acagtgatgg 180
gggctaccat ggctattggg cggaggacat cgactccatc aactctcatt atggctctge 240
ggacgatcte aagagtctceg tcaacgccge gcatagcaag gtattccctt ttgttcacac 300
cagacttcat gattatcaaa attaacacaa accagggctt ctatatgatg gtggacgtcg 360
tggccaacca catgggctac gccaatatct ctgacgatag tccectcteca ctgaaccagg 420
cctegtegta tcaccecgag tgtgatatceg actacaacag ccaaaccage gtcgagaact 480
gectggatcag cggectcceg gatctcaaca cgcagagcetce aaccatccge agectctace 540
aggactgggt ctccaacctce gtgtccacgt acggcttega cggegtccege at 592
<210> SEQ ID NO 13
<211> LENGTH: 583
<212> TYPE: DNA
<213> ORGANISM: Trichoderma viride
<220> FEATURE:
<223> OTHER INFORMATION: Strain IF05720
<400> SEQUENCE: 13
tggagagcaa gttggactac atcaagggca tgggattcga tgccatctgg atcacgectg 60
ttgtgacgag tgagtctttg ccctgteceg cettgcecteg ggtegtacat gggetgetag 120
agtgaacagc tgacactgat acctctgaac agacagtgat gggggctacce atggctattg 180
ggcggaggat ctcgattcca tcaactctca ctacggetcet geggatgact tgaagagtet 240
cgtcaacgcee gcacatagca aggtacttcet tectggcatyg atatgacctt cgectattcet 300
cctggtteta atgcgagaca aaccaggget tctatatgat ggtagacgtce gtggecaace 360
acatgggcta cgccaacatc tccgatgaca geccccceee tcetgaaccag gectettegt 420
atcacgccga gtgtgacatt gactacaaca accagaccag cgtccagaac tgctggatca 480
geggecteee tgatctcgac acgcagagcec cgaccatccg cagectctac caggactggg 540
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-continued
tcteccgacct cgtgtccacg tacggcttceg acggcgtecg cat 583
<210> SEQ ID NO 14
<211> LENGTH: 569
<212> TYPE: DNA
<213> ORGANISM: Trichoderma viride
<220> FEATURE:
<223> OTHER INFORMATION: Strain IF030498
<400> SEQUENCE: 14
tggagagcaa gttggactac atcaagggca tgggattcga tgccatctgyg atcacccccg 60
tegttaccag tgagttgcceg acctatcccee agecaatgat atcaattcat cctettgatt 120
aatagctaac atgccttgaa tagacagcga tttcggatac cacggttact gggctcagga 180
tattaattcc atcaattctc actatggttc ctcggatgat ttaaagagtce ttgttgatgce 240
tgctcatage aaggtatata tttacacgac actttcaatt ttatgggtct gtgctaaacce 300
aatcaacaac agggcttcta catgatggtce gatgtcegteg ccaaccatat gggaaacgca 360
aacatcacag acgactctcc ctctectetg aaccaagact cctcatacca cacaaagtgt 420
gacatcgacy tcaacaacca gaccagcgtc gaaaactgtt ggctcegecgg ccteccggat 480
cttgacactc aaagccctac catcaggage ttgtaccagg actgggtgtce caaccttgta 540
tctacatacg gecttcgacgg cgtccgecat 569
<210> SEQ ID NO 15
<211> LENGTH: 592
<212> TYPE: DNA
<213> ORGANISM: Trichoderma reesei
<220> FEATURE:
<223> OTHER INFORMATION: Strain IF031329
<400> SEQUENCE: 15
tggagagcaa gttggactac atcaagggca tgggattcga tgccatctgg atcacacctg 60
ttgtgacgag tgagtctttt cataccttge cectgecttge ctegectege cttgeatgtg 120
tcgcatacag gettetggta tgcatageta aacctgatac ctetggacag acagtgatgg 180
gggctaccat ggctattggg cggaggacat cgactccatc aactctcatt atggctctge 240
ggacgatcte aagagtctceg tcaacgccge gcatagcaag gtattccctt ttgttcacac 300
cagacttcat gattatcaaa attaacacaa accagggctt ctatatgatg gtggacgtcg 360
tggccaacca catgggctac gccaatatct ctgacgatag tccectcteca ctgaaccagg 420
cctegtegta tcaccecgag tgtgatatceg actacaacaa ccaaaccage gtcgagaact 480
gectggatcayg cggecycceg gatctcaaca cgcagagcetce aaccatccge agectctacce 540
aggactgggt ctccaacctce gtgtccacgt acggcttega cggegtccege at 592
<210> SEQ ID NO 16
<211> LENGTH: 592
<212> TYPE: DNA
<213> ORGANISM: Trichoderma reesei
<220> FEATURE:
<223> OTHER INFORMATION: Strain IF031328
<400> SEQUENCE: 16
tggagagcaa gttggactac atcaagggca tgggattcga tgccatctgg atcacacctg 60
ttgtgacgag tgagtctttt cataccttge cectgecttge ctegectege cttgeatgtg 120
tcgcatacag gettetggta tgcatageta aacctgatac ctetggacag acagtgatgg 180
gggctaccat ggctattggg cggaggacat cgactccatc aactctcatt atggctctge 240
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ggacgatcte aagagtctceg tcaacgccge gcatagcaag gtattccctt ttgttcacac 300
cagacttcat gattatcaaa attaacacaa accagggctt ctatatgatg gtggacgtcg 360
tggccaacca catgggctac gccaatatct ctgacgatag tccectcteca ctgaaccagg 420
cctegtegta tcaccecgag tgtgatatceg actacaacaa ccaaaccage gtcgagaact 480
gectggatcag cggectcceg gatctcaaca cgcagagcetce aaccatccge agectctace 540
aggactgggt ctccaacctce gtgtccacgt acggcttega cggegtccege at 592
<210> SEQ ID NO 17
<211> LENGTH: 592
<212> TYPE: DNA
<213> ORGANISM: Trichoderma reesei
<220> FEATURE:
<223> OTHER INFORMATION: Strain IF031326
<400> SEQUENCE: 17
tggagagcaa gttggactac atcaagggca tgggattcga tgccatctgg atcacacctg 60
ttgtgacgag tgagtctttt cataccttge cectgecttge ctegectege cttgeatgtg 120
tcgcatacag gettetggta tgcatageta aacctgatac ctytggacag acagtgatgg 180
gggctaccat ggctattggg cggaggacat cgactccatc aactctcatt atggctctge 240
ggacgatcte aagagtctceg tcaacgccge gcatagcaag gtattccctt ttgttcacac 300
cagacttcat gattatcaaa attaacacaa accagggctt ctatatgatg gtggacgtcg 360
tggccaacca catgggctac gccaatatct ctgacgatag tccectcteca ctgaaccagg 420
cctegtegta tcaccecgag tgtgatatceg actacaacaa ccaaaccage gtcgagaact 480
gectggatcag cggectcceg gatctcaaca cgcagagcetce aaccatccge agectctace 540
aggactgggt ctccaacctce gtgtccacgt acggcttega cggegtccege at 592
<210> SEQ ID NO 18
<211> LENGTH: 583
<212> TYPE: DNA
<213> ORGANISM: Trichoderma koningii
<220> FEATURE:
<223> OTHER INFORMATION: Strain IAM12534
<400> SEQUENCE: 18
tggagagcaa gttggactac atcaagggca tgggattcga tgccatctgg atcacgectg 60
ttgtgacgag tgagtctttg ccctgteceg cettgcecteg ggtegtacat gggetgetag 120
agtgaacagc tgacactgat acctctgaac agacagtgat gggggctacce atggctattg 180
ggcggaggat ctcgattcca tcaactctca ctacggetcet geggatgact tgaagagtet 240
cgtcaacgcee gcacatagca aggtacttcet tectggcatyg atatgacctt cgectattcet 300
cctggtteta acgcgagaca aaccaggget tctatatgat ggtagacgtce gtggecaace 360
acatgggcta cgccaacatc tccgatgaca gecctceceee tcetgaaccag gectettegt 420
atcacgccga gtgtgacatt gactacaaca accagaccag cgtccagaac tgctggatca 480
geggecteee tgatctcgac acgcagagcec cgaccatccg cagectctac caggactggg 540
tctccaacct cgtgtccacg tacggcttceg acggcgtecg cat 583

<210> SEQ ID NO 19
<211> LENGTH: 584

<212> TYPE

: DNA

<213> ORGANISM: Trichoderma viride
<220> FEATURE:
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-continued
<223> OTHER INFORMATION: Strain SAM1427
<400> SEQUENCE: 19
tggagagcaa gttggactac atcaagggca tgggatttga tgccatctgg atcactcctg 60
ttgtgacgag tgagtttcac cttgccttge cttgcgtege acaaagcectt cgagagggaa 120
taggtagctg actctgtgat acccatgggt agacagtgat ggceggctatce atggctactg 180
ggcggaggac attgactcca tcaattccca ttatggetcet gecagacgact tgaagagtet 240
tgtcaatgce gcgcatagca aggtatttte tteccageat tggtttgatg tttgeccctt 300
tggcattatt ctcaagcaag aaaccagggc ttctatatga tggtggatgt cgtcgecaac 360
catatgggcet acgccaacat caccgacgat agtcctacte ctcectgaacca agectcetteg 420
tatcacccgg agtgtgacat cgactacagce aaccagacca gcgtccagga atgctggate 480
agcggectee cggatctega caccgagage ccgacgatcee gcagectcta ccaggactgg 540
gtctceccaate tegtgtccac gtacggettce gacggcgtec gcat 584
<210> SEQ ID NO 20
<211> LENGTH: 614
<212> TYPE: DNA
<213> ORGANISM: Trichoderma ghanense
<220> FEATURE:
<223> OTHER INFORMATION: Strain IAM13109
<400> SEQUENCE: 20
tggagagcaa gttggactac atcaagggca tgggattcga tgccatctgg atcacccectg 60
ttgtgacgag tgagtctttt geccttgectt gececttgectt gecttgectt gecttgectt 120
recettgectt gtgtegecaca caggctectg gaggaaatgg ctgatgcetga taccttggaa 180
tagacagtga tgggggttat catggctatt gggcggagga cattgattcce atcaactcte 240
attacggcte tgcggacgac ctgaagagtce tegtcaatge cgegcatage aaggtacatce 300
tccccatcat tgacataggt ttaccctttt geatgattet gacgtgagac aaaccagggce 360
ttctatatga tggtggacgt cgtggccaac cacatggget acgccaacat ctccgacgac 420
agtccttete ctctgaacca agecgtegtece tatcacccag agtgtgacat tgactacaac 480
aaccagacca gcgtccagaa ctgctggatce ageggcectece cggatctcaa cacgcagage 540
tcgacgatce gcagecteta ccagggetgg gtetccgace tegtgtcecac ctacggette 600
gacggcgtee gcat 614
<210> SEQ ID NO 21
<211> LENGTH: 572
<212> TYPE: DNA
<213> ORGANISM: Trichoderma saturnisporum
<220> FEATURE:
<223> OTHER INFORMATION: Strain IAM12535
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (445) .. (445)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<400> SEQUENCE: 21
tggagagcaa gctggactac atcaagggca tgggattcga tgccatctgg atcacgectg 60
ttgtgacgag tgagtctttg attaccttgt gtegcacaca gtcttataga ggagatggat 120
cacactgaca tgtccggata gacagtcagg ggggctacca wggctactgyg gcagaggaca 180
ttgactccat caattctcat tacggctetg cggacgacct gaagagtcte gtcaatgecg 240

cgcatagcaa ggtacttcectt cctctcattg acatgccttt attcecttteg cgttgtecta 300
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-continued
aaccgagatt tacagggctt ctatatgatg gtggatgteg tcegecaacca catgggcaac 360
gccaacatct ccgacgatag tcctectect ctgaacgaag cctettegta tcacccccag 420
tgtgacattg actacaacaa ccamnccagce gtccagaact gctggatcag cggectecccg 480
gatctcaaca cccagagcte gacgatccge agectctace aggactgggt ccacaaccte 540
gtgtcgacgt acggcttcga cggcgtecge at 572
<210> SEQ ID NO 22
<211> LENGTH: 572
<212> TYPE: DNA
<213> ORGANISM: Trichoderma polysporum
<220> FEATURE:
<223> OTHER INFORMATION: Strain SAM357
<400> SEQUENCE: 22
tggagggcaa gttggattac atcaagggga tgggatttga tgctatttgg atcacgectg 60
ttgtaacgag taagttattc ataacagcct cagatatcat ctectgggtce aatagctaat 120
atatcttgat agatagcgat caggggtatc atggctactyg ggcagaggat ctcgattcta 180
tcaattctca ctatggttct tcggatgatt tgaagagtet tgtcgatget gcacacagca 240
aggtacgtca tatcacctca cccccctaca ttetgctaat cctcatggat cgtgctaaac 300
cgaatgttaa aatagggctt ctatatgatg gtcgatgttyg ttgccaatca catgggatat 360
gcaaacatca ccgacgacct tcccactect ctaaaccaaa actcgtctta ccacgcagag 420
tgtaacatcg actataacaa tcagaccagce gtcgaaaact gctggatcga tggtctcecca 480
gaccttgaca cacagagcga gactatccge accctttaca aggactgggt ttccaaccte 540
gtctccacat acggcttcga cggcgtecge at 572
<210> SEQ ID NO 23
<211> LENGTH: 571
<212> TYPE: DNA
<213> ORGANISM: Trichoderma reesei
<220> FEATURE:
<223> OTHER INFORMATION: Strain IF031329
<400> SEQUENCE: 23
tggagggcaa gttggactac atcaagggca tgggattcga cgccatctgg atcacgeccyg 60
tegttacgag tgagttacac acagcctcag geattaccte ttgaatgege ttctaatgtt 120
aatatttaaa tagatagcga cggggggtac cacggttact gggctgagtce tctggattceg 180
atcaattcte attatggttc tgcggatgat ttaaagagte tegttgatge tgcgecatage 240
aaggtacgtg atactccaca ccccatctta tatgectcta ttttcgaagt acggtgctaa 300
aaaggtgaaa acagggtttc tatatgatgg tagatgttgt tgccaatcat atgggttatg 360
ccaacattte tgacgacctc ccaactcccece tgaacgaaaa ctegtcegtat catccagaat 420
gcgacattga ctacaacaac cagaccagcg tcgaaaactg ctggatcgat ggectteegg 480
atctcgacac tcagagccct accatccgea gectctacca ggactgggte tccaaccteg 540
tatcgaccta cggcttcgac ggcgtecgca t 571

<210> SEQ ID NO 24
<211> LENGTH: 572

<212> TYPE:

DNA

<213> ORGANISM: Trichoderma hamatum
<220> FEATURE:

<223> OTHER INFORMATION:

Strain IAM12505



45

US 9,364,492 B2

-continued
<400> SEQUENCE: 24
tggagagcaa gttggactat atcaagggca tgggatttga cgccatctgg atcacgcccyg 60
tcgttacgag tgagttatat acagcctcac acattatcce ttcaaagagce atctaatatt 120
tatatttaaa tagacagtga taagggctat cacggctact gggcagaaga tatcgattct 180
attaattcte actatggttc tgcggacgat ttaaagagte tegtecgatge tgcgcatage 240
aaggtacatc atacgcaaca ccccatctta tatgectcta ctcectecgaaat gtcectgctaa 300
aacaagtgaa aacagggctt ctacatgatg gtagatgttyg tcgccaatca tatgggctat 360
gccaatatte ctgacgacct tccaacccce ctgaacgaga actcgtegta tcacccggaa 420
tgcgacattyg actacaacaa cgagaccagce gtcgaaaact gctggatcag cggtctecce 480
gatctcgaca cccagagcce taccatccge agtctctace aggactgggt ctcecaaccte 540
gtctcgacct acggcttcga cggcgtecge at 572
<210> SEQ ID NO 25
<211> LENGTH: 1329
<212> TYPE: DNA
<213> ORGANISM: Trichoderma viride
<220> FEATURE:
<223> OTHER INFORMATION: Strain IAM5141
<400> SEQUENCE: 25
geegacacygyg cagactggag gtctegtace atctactttg cectgacaga ccgaattget 60
cgcagetcaa gcgacacggg aggctctgeg tgtacaaatce tgaatgacta ctgtggtgge 120
acgttccagg gcttggagag caagctggac tacatcaagg gcatgggatt tgatgcecate 180
tggatcaacc ccgtegtaac caacagtgat tteggcettee atggctactyg ggcactggat 240
ctaaacacta tcaattctca ctatggcact gecggatgatt taaagagtct cgttgatget 300
gcacatggca agggcttcta catgatggtc gacgttgtag ccaaccacat gggaaacgca 360
aacatcacag acgactcccce ctcccctetg aaccaacaat cctcatacca cacaaaatgt 420
gacattgact tcaacaacca gaccagcgtc gaaaactgtt ggcttgetgg ccteccagac 480
gttgacacce aggaccctac catcaggagc ctctaccagg actgggtgtce caacctggta 540
tctacatacg gcttegacgg cgtccgeatce gacaccgtea ggcacgtcga gcaggactac 600
tggcecegget tcegtcaatge cagcggegtyg tactgcateg gegaagtcett caacggagac 660
ccagacttta tgcagcccta ccaatcgete atgecceggece tectcaacta cgccatctte 720
tacccecteca acgectttta tcagcagacg ggctcectece aagecctggt cgacatgcat 780
gaccgtctea getegttcecee agacccgacg gegcetgggea ccetttgtega taaccacgac 840
aacccccget tcoctcagegt caagaacgac acgtctctet tcaagaatge cctgacctac 900
accattcteg gcecgaggcat ccccattgte tactacgget ccegagcaage ctttteggga 960
agcaacgacc ccgccaacag agaggacctce tggegcageg gctacaacac cgagacggac 1020
atgtacaatg ccatctccaa gctcaccttt gccaagcaca cggcecggegg cctegecgac 1080
aacgaccaca agcacctgta cgtcgagecce acggcatacyg cctggagecyg cgccggegge 1140
aagctggtgg cctttaccac caacagcggce ggcggcagct cggcccagtt ctgettegge 1200
acgcaggtcce ccaacgggag ctggacgaat gtgtttgatg gcggcaatgg cccgacgtac 1260
actgctgatg gcaatggaca gctctgettg accacgacga atggtgagcce gattgtgetg 1320
ctgtcttca 1329
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<210> SEQ ID NO 26

<211> LENGTH: 443

<212> TYPE: PRT

<213> ORGANISM: Trichoderma viride
<220> FEATURE:

<223> OTHER INFORMATION: Strain IAM5141

<400> SEQUENCE: 26

Ala Asp Thr Ala Asp Trp Arg Ser Arg Thr Ile Tyr Phe Ala Leu Thr
1 5 10 15

Asp Arg Ile Ala Arg Ser Ser Ser Asp Thr Gly Gly Ser Ala Cys Thr
Asn Leu Asn Asp Tyr Cys Gly Gly Thr Phe Gln Gly Leu Glu Ser Lys
35 40 45

Leu Asp Tyr Ile Lys Gly Met Gly Phe Asp Ala Ile Trp Ile Asn Pro
50 55 60

Val Val Thr Asn Ser Asp Phe Gly Phe His Gly Tyr Trp Ala Leu Asp
65 70 75 80

Leu Asn Thr Ile Asn Ser His Tyr Gly Thr Ala Asp Asp Leu Lys Ser
85 90 95

Leu Val Asp Ala Ala His Gly Lys Gly Phe Tyr Met Met Val Asp Val
100 105 110

Val Ala Asn His Met Gly Asn Ala Asn Ile Thr Asp Asp Ser Pro Ser
115 120 125

Pro Leu Asn Gln Gln Ser Ser Tyr His Thr Lys Cys Asp Ile Asp Phe
130 135 140

Asn Asn Gln Thr Ser Val Glu Asn Cys Trp Leu Ala Gly Leu Pro Asp
145 150 155 160

Val Asp Thr Gln Asp Pro Thr Ile Arg Ser Leu Tyr Gln Asp Trp Val
165 170 175

Ser Asn Leu Val Ser Thr Tyr Gly Phe Asp Gly Val Arg Ile Asp Thr
180 185 190

Val Arg His Val Glu Gln Asp Tyr Trp Pro Gly Phe Val Asn Ala Ser
195 200 205

Gly Val Tyr Cys Ile Gly Glu Val Phe Asn Gly Asp Pro Asp Phe Met
210 215 220

Gln Pro Tyr Gln Ser Leu Met Pro Gly Leu Leu Asn Tyr Ala Ile Phe
225 230 235 240

Tyr Pro Leu Asn Ala Phe Tyr Gln Gln Thr Gly Ser Ser Gln Ala Leu
245 250 255

Val Asp Met His Asp Arg Leu Ser Ser Phe Pro Asp Pro Thr Ala Leu
260 265 270

Gly Thr Phe Val Asp Asn His Asp Asn Pro Arg Phe Leu Ser Val Lys
275 280 285

Asn Asp Thr Ser Leu Phe Lys Asn Ala Leu Thr Tyr Thr Ile Leu Gly
290 295 300

Arg Gly Ile Pro Ile Val Tyr Tyr Gly Ser Glu Gln Ala Phe Ser Gly
305 310 315 320

Ser Asn Asp Pro Ala Asn Arg Glu Asp Leu Trp Arg Ser Gly Tyr Asn
325 330 335

Thr Glu Thr Asp Met Tyr Asn Ala Ile Ser Lys Leu Thr Phe Ala Lys
340 345 350

His Thr Ala Gly Gly Leu Ala Asp Asn Asp His Lys His Leu Tyr Val
355 360 365

Glu Pro Thr Ala Tyr Ala Trp Ser Arg Ala Gly Gly Lys Leu Val Ala
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370 375 380

Phe Thr Thr Asn Ser Gly Gly Gly Ser Ser Ala Gln Phe Cys Phe Gly
385 390 395 400

Thr Gln Val Pro Asn Gly Ser Trp Thr Asn Val Phe Asp Gly Gly Asn
405 410 415

Gly Pro Thr Tyr Thr Ala Asp Gly Asn Gly Gln Leu Cys Leu Thr Thr
420 425 430

Thr Asn Gly Glu Pro Ile Val Leu Leu Ser Ser
435 440

<210> SEQ ID NO 27

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 27

getegagtta gtggtggtgg tggtggtgtyg aagacagcag caa
<210> SEQ ID NO 28

<211> LENGTH: 462

<212> TYPE: PRT

<213> ORGANISM: Aspergillus nidulans

<400> SEQUENCE: 28

Met Lys Leu Ala Ser Thr Leu Ala Gly Leu Leu Leu Pro Leu Ile Ser
1 5 10 15

Thr Val Ser Ala Ala Asp Val Asp Ala Trp Lys Ser Arg Asn Ile Tyr
20 25 30

Phe Ala Leu Thr Asp Arg Val Ala Arg Gly Ser Asp Asp Thr Gly Gly
35 40 45

Asp Ala Cys Asp Asp Leu Ser Thr Tyr Cys Gly Gly Thr Phe Lys Gly
50 55 60

Leu Glu Gly Lys Leu Asp Tyr Ile Lys Gly Met Gly Phe Asp Ala Ile
65 70 75 80

Trp Ile Thr Pro Val Val Ala Asn His Asp Gly Gly Tyr His Gly Tyr
85 90 95

Trp Ala Lys Asp Leu Tyr Ser Ile Asn Glu Asn Tyr Gly Thr Ala Asp
100 105 110

Asp Leu Lys Ser Leu Val Ser Ala Ala His Glu Lys Gly Ile Tyr Ile
115 120 125

Met Ala Asp Val Val Ala Asn His Met Gly Ser Pro Ile Ser Asp Asn
130 135 140

Gln Pro Glu Ser Leu Ser Gln Glu Ser Ala Tyr His Ser Ala Cys Thr
145 150 155 160

Ile Asp Tyr Ser Ser Gln Glu Ser Ile Glu Thr Cys Arg Ile Ala Asp
165 170 175

Asp Leu Pro Asp Val Asn Thr Glu Ser Glu Glu Ile Arg Thr Leu Phe
180 185 190

Lys Glu Trp Ile Thr Trp Leu Val Lys Glu Tyr Glu Phe Asp Gly Leu
195 200 205

Arg Ile Asp Thr Val Lys His Val Glu Lys Asp Phe Trp Ser Asp Phe
210 215 220

Ser Ser Ala Ala Gly Val Tyr Thr Ile Gly Glu Val Phe Asp Gly Asp
225 230 235 240
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Pro

Tyr

Ala

Asp

Trp

305

Tyr

Gln

Arg

Leu

385

Gly

Glu

Phe

Ser

<210>
<211>
<212>
<213>

<400>

Met

1

Ala

Ala

Ala

Glu

65

Ile

Ala

Leu

Ala

Pro

Asp

Ala

Gln

Pro

290

Leu

Val

Gly

Ser

Ser

370

His

Lys

Ile

Gly

Ile
450

Lys

Ser

Leu

Cys

50

Ala

Thr

Lys

Lys

Asp

130

Glu

Tyr

Val

Asp

275

Ser

Ser

Ile

Tyr

Asn

355

Ala

Leu

Leu

Cys

Glu

435

Thr

Leu

Ala

Thr

35

Ser

Lys

Pro

Asp

Ser

115

Val

Pro

Leu

Tyr

260

Ile

Ala

Asn

Leu

Ala

340

Phe

Ala

His

Val

Phe

420

Gly

Asn

PRT

SEQUENCE :

Leu

Ala

20

Asp

Asn

Leu

Val

Leu

100

Leu

Val

Leu

Ala Gly
245

Tyr Pro

Val Asp

Leu Gly

Lys Asp

310

Ala Arg
325

Gly Gly

Asp Thr

Arg Ser

Val Ala

390
Val Val
405
Asp Ser

Thr Ile

Gly Glu

SEQ ID NO 29
LENGTH:
TYPE:
ORGANISM: Gibberella zeae

460

29

Gln Leu

Asp Ala

Arg Val

Leu Gly

Asp Tyr

70

Val Glu

85

Tyr Glu

Val Lys

Ala Asn

Asn Gln

Tyr

Val

Met

Thr

295

Asp

Gly

Asn

Asp

Ala

375

Glu

Thr

Lys

Ser

Pro
455

Ala

Asn

Ala

Asn

55

Ile

Asn

Val

Thr

His

135

Gln

Ala

Asn

His

280

Phe

Lys

Ile

Asp

Ala

360

Ala

Ser

Ser

Thr

Ala

440

Ala

Ala

Ala

Arg

Tyr

Lys

Thr

Asn

Ala

120

Met

Ser

Asn

Asn

265

Asp

Ile

Ser

Pro

Pro

345

Asp

Gly

Ala

Asn

Pro

425

Asp

Val

Leu

Trp

25

Ser

Cys

Gly

Asp

Ala

105

His

Gly

Ser

Thr

250

Phe

Lys

Asp

Leu

Ile

330

Glu

Leu

Gly

Tyr

Ser

410

Asn

Asp

Leu

Val

10

Lys

Asp

Gly

Met

Gly

90

Lys

Ser

Lys

Tyr

Met

Tyr

Ile

Asn

Leu

315

Val

Asn

Tyr

Leu

Ala

395

Gly

Gly

Ser

Val

Ala

Ser

Ser

Gly

Gly

75

Gly

Tyr

Lys

Gly

His

Asp

Gln

Asp

His

300

Lys

Tyr

Arg

Lys

Gly

380

Trp

Ser

Ser

Gly

Ala
460

Ser

Arg

Asp

Thr

60

Phe

Tyr

Gly

Asn

Ile

140

Ser

Gly Leu Leu

Gln

Ser

285

Asp

Asn

Tyr

Glu

Ala

365

Asp

Ser

Gly

Trp

Gln

445

Gln

Ile

Asn

Ser

Phe

Asp

His

Thr

Ile

125

Gln

Pro

Ala

270

Ser

Asn

Ala

Gly

Asp

350

Ile

Asn

Arg

Ser

Glu

430

Ile

Ser

Ser

Ile

30

Gly

Lys

Ala

Gly

Lys

110

Tyr

Asp

Cys

255

Gly

Phe

Ala

Leu

Thr

335

Leu

Ser

Asp

Ala

Glu

415

Asn

Cys

Pro

15

Tyr

Gly

Gly

Ile

Tyr

95

Asp

Val

His

Ala

Asn

Ser

Pro

Arg

Ala

320

Glu

Trp

Leu

His

Glu

400

Asn

Ile

Val

Phe

Phe

Asn

Leu

Trp

80

Trp

Asp

Met

Arg

Ile
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145

Asp

Pro

Trp

Asp

Ala

225

Tyr

Ile

Ala

Thr

Ser

305

Ile

Tyr

Ser

Lys

Leu

385

Leu

Cys

Gln

Thr

<210>
<211>
<212>
<213>

<400>

Met

1

Val

Ala

Ser

Tyr

Asp

Ile

Thr

210

Ala

Leu

Tyr

Val

Val

290

Gln

Leu

Ala

Phe

Ala

370

Lys

Ile

Phe

Gly

Asn
450

Phe

Tyr

Leu

Cys
50

Asn

Leu

Ser

195

Val

Gly

Ala

Tyr

Val

275

Leu

Lys

Ser

Gly

Lys

355

Arg

Ser

Val

Asn

Thr

435

Gly

Phe

Ala

Thr

35

Gly

Asn

Asn

180

Trp

Lys

Val

Gly

Pro

260

Asp

Gly

Asn

Arg

Gly

340

Thr

Ser

Asn

Val

Thr

420

Val

Glu

PRT

SEQUENCE :

Phe

Ala

20

Asp

Asn

Gln

165

Thr

Leu

His

Tyr

Tyr

245

Met

Met

Thr

Asp

Gly

325

Asn

Asp

Ala

Asp

Thr

405

Gly

Lys

Pro

SEQ ID NO 30
LENGTH:
TYPE :
ORGANISM: Magnaporthe

600

30

Lys

5

Asp

Arg

Leu

150

Asn

Gly

Val

Val

Ala

230

Ser

Asn

Tyr

Phe

Lys

310

Ile

Asp

Ser

Val

Ser

390

Met

Ala

Ser

Glu

Val

Thr

Val

Ser

Ser

Ser

Thr

Glu

215

Ile

Lys

Arg

Asn

Ile

295

Ala

Pro

Pro

Asp

Gly

375

Ala

Asn

Asn

Asp

Val
455

Leu

Ala

Ala

Lys
55

Ile

Glu

Glu

200

Lys

Gly

Val

Phe

Glu

280

Asp

Leu

Ile

Ala

Leu

360

Gly

Leu

Arg

Asn

Gly

440

Leu

Glu

Thr

185

Tyr

Ser

Glu

Met

Tyr

265

Ile

Asn

Leu

Val

Asn

345

Tyr

Leu

Ile

Gly

Lys

425

Ser

Val

grisea

Val

Ala

Arg

40

Tyr

Ala
Trp
25

Gly

Cys

Gln

170

Val

Ser

Phe

Val

Pro

250

Gln

Ser

His

Lys

Tyr

330

Arg

Gln

Ala

Trp

Gln

410

Thr

Gly

Ala

Phe
10
Lys

Ser

Gly

155

Cys

Lys

Phe

Trp

Trp

235

Gly

Gln

Gln

Asp

Asn

315

Tyr

Glu

Thr

Gly

Ser

395

Gly

Trp

Gln

Ala

Leu

Ser

Asn

Gly

Glu

Lys

Asp

Pro

220

Asp

Leu

Lys

Lys

Asn

300

Ala

Gly

Asp

Ile

Asn

380

Arg

Phe

Glu

Leu

Asn
460

Leu

Arg

Asp

Thr
60

Ile

Val

Gly

205

Asp

Gly

Leu

Gly

Phe

285

Pro

Leu

Thr

Leu

Ser

365

Asp

Ala

Ser

Arg

Cys
445

Gln

Ser

Thr

45

Phe

Ala

Leu

190

Ile

Phe

Ser

Asn

Asp

270

Asp

Arg

Ala

Glu

Trp

350

Lys

Gln

Asn

Gly

Val

430

Val

Ile
Ile
30

Gly

Lys

Asp

175

Asn

Arg

Gln

Pro

Tyr

255

Pro

Asp

Trp

Tyr

Gln

335

Arg

Leu

Lys

Asn

Gln

415

Leu

Ser

Val
15
Tyr

Gly

Gly

160

Leu

Asp

Ile

Lys

Asp

240

Ala

Ser

Pro

Leu

Val

320

Gly

Ser

Gly

Phe

Asp

400

Tyr

Gly

Tyr

Thr

Phe

Ala

Leu
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-continued

56

Glu
65
Ile

Ala

Leu

Arg

145

Ile

Leu

Thr

Ile

Lys

225

Ser

Ala

Gln

Pro

Leu

305

Gly

Ser

Asn

His

385

Asp

Gly

Lys

Thr

465

Tyr

Ser

Asn

Gln

Lys

Asp

130

Pro

Asp

Pro

Trp

Asp

210

Ser

Phe

Val

Glu

Ala

290

Asn

Phe

Leu

Gly

Ala

370

Leu

Leu

Cys

Ser

Leu
450

Thr

Asn

Lys

Pro

Asp

Ser

115

Val

Ala

Asn

Asp

Val

195

Thr

Ile

Met

Tyr

Leu

275

Ala

Gln

Leu

Val

Tyr

355

Ala

Tyr

Val

Phe

Gly
435
Ala

Gly

Ser

Leu

Val

Leu

100

Leu

Val

Pro

Ser

Ile

180

Ser

Val

Gly

Ala

Tyr

260

Val

Leu

Thr

Ser

Gly

340

Lys

Arg

Val

Val

Asn

420

Ala

Asn

Asp

Thr

Asp

Val

85

Tyr

Val

Ala

Leu

Asn

165

Asn

Trp

Lys

Ala

Gly

245

Pro

Asn

Gly

Asn

Arg

325

Gly

Thr

Lys

Thr

Leu

405

Thr

Tyr

Gly

Gly

Ser

Tyr

70

Ser

Ala

Asn

Asn

Asn

150

Gln

Thr

Leu

His

Tyr

230

Tyr

Met

Met

Thr

Asp

310

Gly

Asp

Asp

Ala

Asn

390

Thr

Thr

Val

Gln

Lys
470

Pro

Ile

Asn

Ile

Thr

His

135

Gln

Ser

Gln

Val

Val

215

Ala

Ala

Asn

Ile

Phe

295

Gln

Ile

Asp

Thr

Ala

375

Asp

Thr

Arg

Phe

Pro
455

Pro

Pro

Lys

Lys

Asn

Ala

120

Met

Asn

Ser

Ser

Lys

200

Glu

Ile

Asn

Arg

Asp

280

Leu

Thr

Pro

Pro

Thr

360

Gly

Thr

Asn

Ala

Ser
440
Val

Pro

Asp

Asn

Ala

Ser

105

His

Gly

Ser

Val

Ser

185

Glu

Lys

Gly

Leu

Phe

265

Asn

Asp

Leu

Ile

Ala

345

Leu

Gly

Tyr

Ala

Asn

425

Asp

Val

Thr

Asp

Leu

Asp

90

Asn

Ser

Pro

Ser

Glu

170

Gly

Tyr

Ser

Glu

Met

250

Tyr

Ile

Asn

Leu

Leu

330

Asn

His

Leu

Ala

Gly

410

Gly

Lys

Leu

Leu

Ser

Gly

Gly

Tyr

Lys

Gly

Tyr

155

Asn

Ile

Ser

Phe

Val

235

Pro

Gln

Thr

His

Gln

315

Tyr

Arg

Gly

Asp

Trp

395

Arg

Arg

Thr

Leu

Pro
475

Ala

Phe

Tyr

Gly

Gly

Ser

140

Cys

Arg

Phe

Trp

220

Phe

Gly

Gln

Ala

Asp

300

Asn

Tyr

Glu

Ala

Gly

380

Ser

Cys

Trp

Gly

Ala
460

Ala

Asn

Asp

His

Ser

Ile

125

Ile

Ser

Trp

Gln

Asp

205

Pro

Asp

Leu

Gly

Ser

285

Asn

Ala

Gly

Asp

Val

365

Asn

Arg

Ser

Ala

Arg
445
Leu

Pro

Gly

Ser

Gly

Ala

110

Tyr

Ser

Gln

Val

Leu

190

Gly

Gly

Gly

Leu

Asn

270

Phe

Pro

Leu

Thr

Leu

350

Ala

Asp

Ala

His

Asp

430

Ala

Ala

Ile

Ser

Ile

Tyr

95

Ala

Val

Asp

Cys

Ala

175

Leu

Val

Phe

Asn

Asn

255

Ser

Pro

Arg

Ala

Glu

335

Trp

Lys

His

Gly

Ala

415

Val

Cys

Asn

Thr

Asn

Trp

Trp

Asp

Met

Asn

Thr

160

Asn

Asn

Arg

Val

Pro

240

Tyr

Pro

Asp

Trp

Phe

320

Gln

Arg

Leu

Thr

Ala

400

Gln

Tyr

Val

Ser

Trp
480

Val



57

US 9,364,492 B2

-continued

58

Cys

Pro

Trp

Thr

545

Glu

Ala

Pro

Gly

Asp

530

Asn

Gln

Ser

Asp

Pro

Asp

515

Ala

Met

Tyr

Asp

Val
595

Ala

500

Thr

Ala

Ala

Lys

Pro

580

Ser

485

Val

Ile

Lys

Trp

Phe

565

Asn

Asn

<210> SEQ ID NO 31

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Magnaporthe

PRT

<400> SEQUENCE:

Met
1

Leu

Ile

65

Arg

Phe

Arg

Ser

Ala

145

Ala

Phe

Gly

Gln

Leu

225

Asn

Ala

Leu

Arg

Tyr

50

Phe

Gly

Ser

Asp

Leu

130

Pro

Leu

Val

Leu

Glu
210

Pro

Glu

Asn

Met

Asp

35

Gln

Ile

Trp

Leu

Asp

115

Met

Ala

Met

Asp

Leu
195
Arg

Gly

Ser

Lys

Gly

20

Glu

Lys

Thr

Leu

Val

100

Leu

Glu

Phe

Arg

Asn

180

Val

Phe

Gln

Asp

661

31

Ile

Ala

Val

Phe

Phe

Lys

85

Ile

Phe

Val

Val

Gly

165

Ile

Ile

Arg

Thr

Ser
245

Ala

Lys

Ala

Ser

550

Val

Arg

Ile

Leu

Leu

Pro

Pro

Leu

70

Met

Gly

Pro

Ser

Thr

150

Cys

Phe

Ala

His

Ser
230

Gly

Val

Met

Pro

535

Ile

Lys

Phe

Trp

Val

Met

Thr

Leu

55

Leu

Ser

Leu

Ile

Phe

135

Asn

Ala

Thr

Thr

Ile
215

Val

Gly

Ser

Val

520

Ser

Thr

Val

Tyr

Arg
600

Phe

505

Gly

Leu

Leu

Ser

Thr
585

grisea

Ala

Leu

Glu

40

Thr

Thr

Gly

Phe

Trp

120

Lys

Gln

Thr

Gly

Ala
200
Asp

Val

Asn

Tyr

Gly

Gly

Ala

Ile

Tyr

Leu

105

Val

Cys

Val

Pro

Val

185

Cys

Gln

Arg

Ser

490

Thr

Asn

Ser

Pro

Arg

570

Pro

Ile

10

Phe

Asn

Gly

Pro

Leu

90

Trp

Gln

Cys

Cys

Ile

170

Phe

Leu

Lys

Gln

Cys
250

Val

Thr

Ala

Met

555

Ser

Pro

Phe

Ser

Gln

Ile

Ala

75

Val

Ile

Gln

Gly

Pro

155

Thr

Gly

Leu

Thr

Ala
235

Ser

Arg

Ala

Ser

540

Ala

Gly

Val

Ala

Ile

Ala

Val

60

Leu

Val

Met

Thr

Tyr

140

Ser

Ser

Met

Lys

Gly

220

Asp

Asp

Val

Gln

525

Gly

Pro

Gly

Ser

Asp

Val

Ala

45

Asn

Ser

Val

Thr

Pro

125

Tyr

Pro

Phe

Cys

Asp

205

Pro

Arg

Leu

Ala

510

Leu

Tyr

Gly

Thr

Gln
590

Phe

Val

Arg

Ala

Thr

Asn

Leu

110

Gln

Asn

Ala

Ala

Gly

190

Arg

Met

Ile

Gly

495

Thr

Gly

Asn

Arg

Thr

575

Ala

Leu

15

Gly

Asn

Ile

Pro

Ala

Lys

Val

Ser

Ala

Asn

175

Ile

Lys

Ser

Ala

Gln
255

Ala

Ser

Ser

Thr

560

Trp

Thr

Phe

Asn

Leu

Phe

Ala

80

Leu

Thr

Gln

Thr

Ser

160

Val

Asp

Glu

Thr

Arg
240

Tyr
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-continued

60

Cys

Gly

Lys

Ser

305

Gly

Ser

Pro

385

Glu

Lys

Gly

Thr

Tyr

465

Lys

Asp

Leu

Trp

545

Leu

Gly

Tyr

Arg

Thr

625

Glu

Leu

Gly

Met

Gly

290

Lys

Asp

Asn

Ser

Glu

370

Lys

Phe

Gly

Glu

Met

450

Leu

Ile

Ser

Leu

Val

530

Asn

Tyr

Leu

Ala

Gly
610
Ala

Ser

Val

Gly

Gly

275

Gly

Tyr

Lys

Gly

Tyr

355

Arg

Ile

Lys

Phe

Val

435

Gly

Gln

Thr

His

Lys

515

Tyr

Arg

Arg

Pro

Phe

595

Ser

Thr

Gly

Arg

Thr

260

Phe

Tyr

Gly

Gly

Pro

340

His

Cys

Arg

Val

Trp

420

Tyr

Gly

Gln

Arg

Asp

500

Asn

Tyr

Glu

Ala

Ala

580

Ser

Gly

Trp

Lys

Lys
660

Phe

Asp

His

Thr

Phe

325

Ile

Pro

Arg

Thr

Asp

405

Pro

Ser

Phe

Gly

Lys

485

Asp

Ala

Gly

Asp

Ile

565

Asp

Arg

Phe

Glu

Val
645

Lys

Lys

Ala

Gly

Ala

310

Leu

Ser

Glu

Leu

Leu

390

Gly

Gly

Glu

Phe

Gln

470

Phe

Pro

Leu

Thr

Leu

550

Ser

Asp

Asp

Asn

Asp
630

Cys

Gly

Ile

Tyr

295

Asp

Leu

Glu

Cys

Gly

375

Leu

Leu

Phe

Asp

Asn

455

Ser

Ser

Arg

Ala

Glu

535

Trp

Arg

Gln

Gly

Gly

615

Lys

Val

Leu

Trp

280

Trp

Asp

Met

Asn

Lys

360

Asn

Thr

Arg

Ala

Val

440

Phe

Pro

Asp

Trp

Tyr

520

Gln

Arg

Leu

Ile

Gly

600

Gln

Phe

Gln

Gln

265

Ile

Ala

Leu

Val

Lys

345

Ile

Leu

Asp

Ile

Trp

425

Asp

Pro

Gln

Pro

Leu

505

Val

Gly

Ala

Ser

His

585

Gly

Glu

Gly

Val

Ser

Ser

Lys

Lys

Asp

330

Pro

Asp

Pro

Trp

Asp

410

Ala

Tyr

Val

Gly

Thr

490

Ser

Leu

Phe

Arg

Gly

570

Leu

Val

Cys

Ser

Lys
650

Lys

Pro

Asp

Ser

315

Val

Ala

Tyr

Asp

Ile

395

Thr

Ser

Leu

Tyr

Leu

475

Thr

Lys

Leu

Ser

Tyr

555

Val

Leu

Val

Phe

Gly
635

Asn

Leu

Val

Leu

300

Leu

Val

Pro

Ser

Leu

380

Lys

Val

Gly

Ala

Lys

460

Val

Leu

Asn

Ala

Gly

540

Arg

Arg

Val

Val

Asp
620

Thr

Gly

Asp

Val

285

Tyr

Ile

Ala

Leu

Asn

365

Asn

Trp

Lys

Val

Gly

445

Ser

Asp

Ala

Arg

Arg

525

Gly

Thr

Ala

Asn

Leu

605

Thr

Tyr

Glu

Tyr

270

Glu

Ala

Lys

Asn

Asn

350

Gln

Thr

Ile

His

Tyr

430

Tyr

Leu

Asn

Asn

Asp

510

Gly

Ala

Asp

Gly

Lys

590

Thr

Arg

Thr

Pro

Ile

Asn

Ile

Ala

His

335

Gln

Gln

Glu

Val

Val

415

Thr

Asp

Gly

His

Phe

495

Ala

Ile

Asp

Gly

Ala

575

Asn

Thr

Gly

Ser

Val
655

Arg

His

Asn

Ala

320

Met

Glu

Ser

Asp

Ser

400

Glu

Leu

Lys

Arg

Asp

480

Leu

Ala

Pro

Pro

Asp

560

Gly

Ser

Asn

Val

Asp
640

Val
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-continued

<210> SEQ ID NO 32

<211> LENGTH: 463

<212> TYPE: PRT

<213> ORGANISM: Trichoderma viride
<220> FEATURE:

<223> OTHER INFORMATION: Strain IAM5141

<400> SEQUENCE: 32

Met Lys Leu Arg Ser Ala Val Pro Leu Leu Leu Gln Leu Ser Leu Pro
1 5 10 15

Ala Val Leu Gly Ala Asp Thr Ala Asp Trp Arg Ser Arg Thr Ile Tyr
20 25 30

Phe Ala Leu Thr Asp Arg Ile Ala Arg Ser Ser Ser Asp Thr Gly Gly
35 40 45

Ser Ala Cys Thr Asn Leu Asn Asp Tyr Cys Gly Gly Thr Phe Gln Gly
50 55 60

Leu Glu Ser Lys Leu Asp Tyr Ile Lys Gly Met Gly Phe Asp Ala Ile
65 70 75 80

Trp Ile Asn Pro Val Val Thr Asn Ser Asp Phe Gly Phe His Gly Tyr
85 90 95

Trp Ala Leu Asp Leu Asn Thr Ile Asn Ser His Tyr Gly Thr Ala Asp
100 105 110

Asp Leu Lys Ser Leu Val Asp Ala Ala His Gly Lys Gly Phe Tyr Met
115 120 125

Met Val Asp Val Val Ala Asn His Met Gly Asn Ala Asn Ile Thr Asp
130 135 140

Asp Ser Pro Ser Pro Leu Asn Gln Gln Ser Ser Tyr His Thr Lys Cys
145 150 155 160

Asp Ile Asp Phe Asn Asn Gln Thr Ser Val Glu Asn Cys Trp Leu Ala
165 170 175

Gly Leu Pro Asp Val Asp Thr Gln Asp Pro Thr Ile Arg Ser Leu Tyr
180 185 190

Gln Asp Trp Val Ser Asn Leu Val Ser Thr Tyr Gly Phe Asp Gly Val
195 200 205

Arg Ile Asp Thr Val Arg His Val Glu Gln Asp Tyr Trp Pro Gly Phe
210 215 220

Val Asn Ala Ser Gly Val Tyr Cys Ile Gly Glu Val Phe Asn Gly Asp
225 230 235 240

Pro Asp Phe Met Gln Pro Tyr Gln Ser Leu Met Pro Gly Leu Leu Asn
245 250 255

Tyr Ala Ile Phe Tyr Pro Leu Asn Ala Phe Tyr Gln Gln Thr Gly Ser
260 265 270

Ser Gln Ala Leu Val Asp Met His Asp Arg Leu Ser Ser Phe Pro Asp
275 280 285

Pro Thr Ala Leu Gly Thr Phe Val Asp Asn His Asp Asn Pro Arg Phe
290 295 300

Leu Ser Val Lys Asn Asp Thr Ser Leu Phe Lys Asn Ala Leu Thr Tyr
305 310 315 320

Thr Ile Leu Gly Arg Gly Ile Pro Ile Val Tyr Tyr Gly Ser Glu Gln
325 330 335

Ala Phe Ser Gly Ser Asn Asp Pro Ala Asn Arg Glu Asp Leu Trp Arg
340 345 350

Ser Gly Tyr Asn Thr Glu Thr Asp Met Tyr Asn Ala Ile Ser Lys Leu
355 360 365

Thr Phe Ala Lys His Thr Ala Gly Gly Leu Ala Asp Asn Asp His Lys
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-continued

64

His

385

Lys

Phe

Asp

Cys

370

Leu

Leu

Cys

Gly

Leu
450

Tyr

Val

Phe

Gly

435

Thr

Val

Ala

Gly

420

Asn

Thr

Glu Pro
390

Phe Thr
405
Thr Gln

Gly Pro

Thr Asn

<210> SEQ ID NO 33

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Aspergillus

PRT

<400> SEQUENCE:

Met Met Val Ala

1

Ala

Tyr

Ala

Gly

65

Ile

Gly

Glu

Gly

145

Phe

Glu

Ser

Tyr

Arg

225

Asn

Pro

Tyr

Pro

Phe

Thr

50

Ile

Trp

Asp

Asn

Glu

130

Tyr

Ser

Asp

Leu

Asp

210

Ile

Lys

Ala

Pro

Ala

Leu

35

Cys

Ile

Ile

Ala

Tyr

115

Arg

Asp

Ser

Gln

Leu

195

Trp

Asp

Ala

Tyr

Ile
275

Leu

20

Leu

Asn

Asp

Thr

Tyr

100

Gly

Gly

Gly

Gln

Thr

180

Asp

Val

Thr

Ala

Thr

260

Tyr

499

33

Trp Trp

Ala Ala

Thr Asp

Thr Ala

Lys Leu
70

Pro Val
85

His Gly

Thr Ala

Met Tyr

Ala Gly
150

Asp Tyr
165

Gln Val

Leu Asp

Gly Ser
Val Lys
230

Gly Val
245

Cys Pro

Tyr Pro

375

Thr

Thr

Val

Thr

Gly
455

Ser

Thr

Arg

Asp

Asp

Thr

Tyr

Asp

Leu

135

Ser

Phe

Glu

Thr

Leu

215

His

Tyr

Tyr

Leu

Ala

Asn

Pro

Tyr

440

Glu

Tyr

Ser

Asn

425

Thr

Pro

oryzae

Leu

Pro

Phe

40

Gln

Tyr

Ala

Trp

Asp

120

Met

Ser

His

Tyr

Thr

200

Val

Val

Cys

Gln

Leu
280

Phe

Ala

25

Ala

Lys

Ile

Gln

Gln

105

Leu

Val

Val

Pro

Cys

185

Lys

Ser

Gln

Ile

Asn
265

Asn

Ala

Gly

410

Gly

Ala

Ile

Leu

10

Asp

Arg

Tyr

Gln

Leu

90

Gln

Lys

Asp

Asp

Phe

170

Trp

Asp

Asn

Lys

Gly

250

Val

Ala

Trp

395

Gly

Ser

Asp

Val

Tyr

Trp

Thr

Cys

Gly

75

Pro

Asp

Ala

Val

Tyr

155

Cys

Leu

Val

Tyr

Asp

235

Glu

Met

Phe

380

Ser

Gly

Trp

Gly

Leu
460

Gly

Arg

Asp

Gly

Met

Gln

Ile

Leu

Val

140

Ser

Phe

Gly

Val

Ser

220

Phe

Val

Asp

Lys

Arg

Ser

Thr

Asn

445

Leu

Leu

Ser

Gly

45

Gly

Gly

Thr

Tyr

Ser

125

Ala

Val

Ile

Asp

Lys

205

Ile

Trp

Leu

Gly

Ser
285

Ala

Ser

Asn

430

Gly

Ser

Gln

Gln

30

Ser

Thr

Phe

Thr

Ser

110

Ser

Asn

Phe

Gln

Asn

190

Asn

Asp

Pro

Asp

Val
270

Thr

Gly

Ala

415

Val

Gln

Ser

Val

15

Ser

Thr

Trp

Thr

Ala

95

Leu

Ala

His

Lys

Asn

175

Thr

Glu

Gly

Gly

Val
255

Leu

Ser

Gly
400
Gln

Phe

Leu

Ala

Ile

Thr

Gln

Ala

80

Tyr

Asn

Leu

Met

Pro

160

Tyr

Val

Trp

Leu

Tyr
240
Asp

Asn

Gly
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65

66

-continued

Met
290

Asn Met Ile Asn Thr

295

Ser Asp Asp Leu Tyr

300

Thr Thr Phe Val Glu

315

Leu Asn His

310

Pro Ser Leu

305

Asp Gly

Phe Ala Thr Ile Ala

330

Arg Ser Tyr Asn Leu Ala

325

Asp Lys

Ala Phe Ile Ile

340

Ile
345

Leu Asn Asp Gly Pro Ile Ile Tyr

Glu Gln Ala Asn Pro Ala Asn

360

His
355

Tyr Gly Gly Asp Arg

365

Thr
375

Leu Ser Pro Ser Glu Leu

370

Trp Gly Tyr Asp Tyr

380

Lys

Ala Ala Ile Ala Ile Ser

395

Ser Asn Asn

385

Arg
390

Tyr Lys Asp

Thr Asn Pro Ile Thr

405

Tyr Lys Trp Tyr Lys

410

Asp Asp

Met Thr Gln

425

Arg Lys Gly Ser Ile Val Thr Ile

420

Asp Gly

Ala
435

Thr Ser

445

Lys Gly Ser Gly Asp Ser Tyr Leu Ser Leu

440

Thr
450

Ala Gln Gln Leu Thr Glu Val Ile

455

Tyr Gly Gly

460

Cys

Thr
465

Val Gly Val Val Pro Met Ala

475

Ser Asp Gly Asn Pro

470

Val Thr Glu Leu Ala Ser

490

Pro Arg Leu Tyr Pro

485

Lys Gly

Ser Ser Ser

Val Lys Ser Asp

Asp

Asn

Ala

350

Glu

Leu

Thr

Thr

Leu

430

Gly

Thr

Gly

Lys

Cys

Pro
320

Asn

Val
335

Ala
Gly Gln
Ala Thr
Ile Ala

Phe
400

Gly

Ile
415

Ala
Ser Asn
Ala Gly
Thr Val

Leu
480

Gly

Ile
495

Cys

The invention claimed is:
1. A compound represented by the following formula:

Formula (I)
R3

R4

RZ
RS

O0X

Rr!

wherein

at least one of R' to R* represents an a-linked glucose
residue or maltose residue or maltooligosaccharide resi-
due, and each of the others represents OH;

R’ represents OH or H; and

X represents H or a galloyl group, provided that the fol-
lowing compounds are excluded:

a compound in which R' represents glucose, R*-R* repre-
sent OH, and R® and X represent H;

acompound in which R? represents glucose, R and R>-R*
represent OH, and R> and X represent H;

a compound in which R* represents glucose, R'-R> repre-
sent OH, and R’ and represent H;

acompound in which R? represents maltose, R' and R*-R*
represent OH, and R’ and X represent H;
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a compound in which R represents glucose, R*-R? and R*
represent OH, and R> and X represent H;

a compound in which R! represents maltose, R*-R* repre-
sent OH, and R® and X represent H;

a compound in which R? represents glucose, R*-R? and R*
represent OH, and R® and X represent H;

a compound in which R® represents glucose, R'-R* and
R*-R’ represent OH, and X represents H;

a compound in which R®-R> represent glucose, R' and
R*-R’ represent OH, and X represents H;

a compound in which R* and R? represent glucose, R* and
R*-R? represent OH, and X represents H;

a compound in which R® represents glucose, R'-R* and
R*-R’ represent OH, and X represents H;

a compound in which R* represents glucose, R*-R® and R®
represent OH, and X represents H;

a compound in which R represents glucose, R*-R? and R*
represent OH, R® represents H, and X represents a gal-
loyl group;

a compound in which R*-R? represent glucose, R' and
R*-R’ represent OH, and X represents a galloyl group;

a compound in which R? represents glucose, R*-R? and
R*-R’ represent OH, and X represents a galloyl group;

a compound in which R* represents glucose, R*-R* and R®
represent OH, and X represents a galloyl group;

a compound in which R* represents glucose, R*-R> repre-
sent OH, R’ represents H, and X represents a galloyl
group;

a compound in which R? represents glucose, R* and R*-R*
represent OH, and X represents a galloyl group;



US 9,364,492 B2

67

a compound in which R? and R* represent glucose, R', R?,
and R® represent OH, and X represents a galloyl group;

a compound in which R?-R? represent glucose, R' and R*
represent OH, and R” and X represent H;

a compound in which R' and R? represent glucose, R? and
R* represent OH, and R® and X represent H;

a compound in which R*-R* represent glucose, R'-R? rep-
resent OH, and R> and X represent H;

a compound in which R' and R* represent glucose, R%-R?
represent OH, and R” and X represent H;

a compound in which R? and R* represent glucose, R', R?,
and R® represent OH, and X represents H; and

a compound in which R? and R* represent glucose, R* and
R? represent OH, and R’ and X represent H.

2. The compound according to claim 1, which is selected

from the group consisting of:

5-0-a-D-glucopyranosyl-(-)-epigallocatechin-3-O-gal-
late;

7-0-(4-O-a-D-glucopyranosyl-a-D-glucopyranosyl)-(-)-
epigallocatechin-3-O-gallate;

4'-0-(4-0-a.-D-glucopyranosyl-a.-D-glucopyranosyl)-
(+)-catechin;

3'-0-(4-0-a.-D-glucopyranosyl-a.-D-glucopyranosyl)-
(+)-catechin; and

3'-0-(4-0-a.-D-glucopyranosyl-a.-D-glucopyranosyl)-
(-)-epigallocatechin-3-O-gallate.

3. A food, pharmaceutical or cosmetic composition, which

comprises the compound according to claim 1.

4. A beverage, which comprises the composition according
to claim 3.

10

15

20

30

68

5. A compound represented by the following formula:

R3

R4

RZ O
RS

0X

R!

wherein
at least one of R, R?, and R* represents an c-linked glu-
cose residue or maltose residue or maltooligosaccharide
residue, and each of the others represents OH;
R? represents a maltose residue;
R represents OH or H; and
X represents H or a galloyl group.
6. A glycoside of a flavonoid compound selected from the
following:
5-0-a.-D-glucopyranosyl-(-)-epigallocatechin-3-O-gal-
late;
3'-0-(4-0-a-D-glucopyranosyl-a.-D-glucopyranosyl)-
(+)-catechin; and
3'-0-(4-0-a-D-glucopyranosyl-a.-D-glucopyranosyl)-
(-)-epigallocatechin-3-O-gallate.
7. A food, pharmaceutical or cosmetic composition, which
comprises the compound according to claim 2.
8. A beverage, which comprises the composition according
to claim 7.



